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GENERAL INTRODUCTION 
The suitability of a soil for crop production depends to a large 
extent upon the soil's physical and chemical properties. Crops respond 
to changes in soil water content, soil temperature, nutrient supply, 
composition of the soil atmosphere and to the strength of the soil. 
Tillage and planting practices influence, to some degree, all of these 
soil properties and plant growth, depending on soil type and weather 
conditions. The measurement of these soil properties and a good 
understanding of related transport processes of heat and water are 
essential if we are to develop better tillage and planting systems. 
The continuing trend towards conservation tillage systems worldwide 
has resulted in a renewed interest in studying the effects of tillage on 
soil physical properties and plant growth. Historically, tillage 
research has been an empirical 'science'. In fact, the evaluation of 
tillage effects has often been criticized as more of an art than a 
science. Countless experiments have been conducted where several 
tillage systems were compared on a few soils, often using crop growth or 
yield as the integrator of the environment and the only measured 
dependent variable. Unfortunately, the great diversity of weather 
conditions and soil properties makes it very difficult to assimilate all 
of this information or to make specific conclusions about a particular 
tillage system. 
The trend towards no-till systems places considerably more emphasis 
on the effectiveness of the planting operation. If the only soil 
manipulation is that associated with the planting operation, then the 
2 
planter must be sufficiently well designed and versatile enough to 
create a satisfactory environment for emergence and crop growth in a 
variety of soil conditions. There is very limited information on the 
effects the planting operation has on various soil physical properties 
and their relation to emergence and early plant growth in no-till 
environments. 
The overall objective of this research was to gain a better under­
standing of how no-till planting directly affects soil compaction, soil 
aggregate size distribution, and residue cover,- and indirectly affects 
soil temperature, soil moisture, and plant emergence. This dissertation 
discusses the results from three separate but related studies conducted 
in the field or laboratory. The three separate parts will be submitted 
for publication to an appropriate scientific journal. 
Part I, 'Residue cover, soil temperature regime and corn growth,' 
discusses the effect of increasing the open or residue-free area above 
the seed on the rate of emergence and early growth of corn. The effects 
of residue placement on the diurnal temperature and soil moisture 
fluctuation are also presented. The discussion includes the possible 
implication of these results on the design and operation of planters in 
no-till environments. 
Part II, 'Planter effects on soil properties and crop emergence' 
discusses the effects of planters and grain drills on soil aggregate 
size distribution, soil bulk density and residue cover. Planter 
performance was evaluated by correlating these factors to uniformity of 
seed placement and rate of plant emergence. The effects of increasing 
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the down pressure on two types of planter press wheels were compared by 
measuring various soil properties and crop emergence. 
Part III, 'Effects of soil density, moisture, and residue cover on 
corn growth' presents the results of a growth chamber study comparing 
the effects of soil compaction at different soil moisture contents (with 
and without residue cover) on evaporative losses and on plant growth. 
The relative importance of soil compaction and of residue cover under 
limiting soil moisture conditions are discussed. 
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PART I:RESIDUE COVER, SOIL TEMPERATURE REGIME, AND CORN GROWTH 
Introduction 
The continuing worldwide trend towards conservation tillage systems 
has resulted in a renewed interest in studying the effects of tillage on 
soil physical properties and plant growth. Successful adoption of no-
till in some areas of the United States and many parts of the world 
would suggest that tillage is often unnecessary (van Doren and Triplett, 
1969). However, in some regions including much of the Corn Belt, no-
till has achieved only limited acceptance because of several problems 
associated with planting through heavy crop residue into undisturbed 
soil (Erbach, 1981). Factors such as cooler soil temperatures, poorer 
aeration, excessive soil strength and poorer seed placement compared to 
those with conventional tillage systems have often been blamed for 
depressed crop growth and poorer yields with no-till. 
Soil temperature affects seed germination, plant emergence, root 
growth, nutrient uptake, and plant development (Wierenga et al., 1982). 
Soil temperature affects plant growth indirectly through its effect on 
soil water, aeration, soil structure, nutrient availability, and 
decomposition of plant residues. The effects of tillage on soil 
temperatures have been well described in the literature (Willis and 
Amemiya, 1973; van Doren and Allmaras, 1978). Mock and Erbach (1977) 
found that the average soil temperature decreases as the amount of plant 
residue above or near the seed zone increases. Several researchers have 
found that till-plant systems that place the seeds in a residue-free 
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ridge often produced the highest yields of corn (Griffith et al., 1973; 
Olson and Schoeberl, 1970). Identifying the specific causes of yield 
reductions associated with conservation tillage systems is often 
difficult because frequently plant populations are lower with these 
systems compared to those with conventional tillage systems (Griffith et 
al., 1977). 
Except for very unusual situations, mulches reduce evaporation 
losses and almost always result in higher soil water contents with no-
till systems compared to conventional tillage systems (Phillips et al., 
1980). Soil moisture conservation associated with no-till is beneficial 
when precipitation is below normal at planting time, but additional 
moisture is often undesirable in wet seasons or in poorly drained soils. 
Little research has been done in the field to evaluate the effects of 
residue placement above the seed on the diurnal soil temperature and 
soil moisture regime in the seed zone. 
The objectives of this research were to: a) evaluate the effect of 
increasing the open- or residue-free area above the seed on the rate of 
germination and early growth of corn, b) monitor and characterize the 
soil temperature regime and soil moisture fluctuation in the seed zone 
as affected by residue placement, and c) discuss possible implications 
of these results on the design and operation of planters in no-till 
environments. 
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Materials and Methods 
The study was conducted in 1981, and 1982 on a well drained silty 
clay loam soil of the Clarion-Nicollet-Webster soil association. The 
mulch cover treatments were 0, 4, 8, 12, or 16 cm diameter open areas in 
the center of l-m^ mini-plots. In 1982, an additional treatment with no 
residue cover was included in each replication. Cornstalks were applied 
to each plot at a rate equivalent to 7000 kg/ha and held in place by 
poultry netting with an opening in the center corresponding to the size 
of the bare area treatment. In 1981, burlap was also used to simulate 
the residue cover treatments and eliminate possible allelopathic effects 
associated with cornstalks. Holes, corresponding to the five treatments 
described previously, were cut in the center of l-mf pieces of burlap. 
The burlap and poultry netting were held in place by wire stakes. 
After being moldboard plowed in the fall, the field was cultivated 
twice and harrowed. The residue cover treatments were applied and two 
corn (Zea mays L.) seeds were planted by hand in the center of each open 
area. The planting devices consisted of a 15-cm long steel rod inside a 
piece of copper tubing with an inside diameter of 10 mm. The tubing and 
rod were inserted vertically into the soil to the prescribed planting 
depth and then the steel rod was removed. The corn seed was then 
dropped down the tube and after the tube was removed the hole was 
pressed closed by hand. In 1981, due to variable soil moisture 
conditions across the field, 5 ml of distilled water was injected with 
each seed to ensure that moisture would not be limiting for germination. 
Three planting depths of 3, 6, or 9 cm were used for each of the residue 
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cover treatments. Treatments were arranged in a randomized block design 
with eight replications and 30 plots (5 bare areas x 3 depths x 2 
covers) in each replication. In 1982, only cornstalk residue was used 
as a cover treatment. 
Two of the replications were instrumented with 20-gauge copper-
constantan thermocouples and a multipoint recorder to monitor soil 
temperatures hourly for a period of 30 days after planting. For each of 
the 0, 8, and 16 cm bare area treatments, at the 6-cm planting depth, 25 
thermocouples were installed in a 5 x 5 grid arrangement. In 1981 the 
burlap plots were instrumented; but, because the burlap cover was not 
used in 1982, the thermocouples were placed in the corn residue plots. 
The thermocouples were 4 cm apart horizontally and 3 cm apart vertically 
at depths of 0, 3, 6, 9, and 12 cm. The thermocouples were held in 
place by a 20 X 15 cm piece of masonite pegboard that was driven 
vertically into the soil. The soil on one side of the board was 
excavated to facilitate insertion of the thermocouples through the board 
and 5 cm into the undisturbed soil on the opposite side of the board so 
that the ends of the thermocouples were on the center line of each bare 
area treatment. The excavated soil was then placed back into the hole 
and leveled to its original condition. 
Growing degree units (GDU) were calculated from the soil 
temperatures measured at each of the 5 depths. The method for GDU 
calculation was similar to that used by the National Weekly Weather and 
Crop Bulletin (Barger, 1969). All temperatures below 10°C were adjusted 
to 10°C and all temperatures above 30°C were adjusted to 30°C. A daily 
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mean was calculated from the hourly temperatures and a base temperature 
of 10°C was then subtracted resulting in a GDU. An accumulated GDU 
(AGDU) was also calculated for the first week to 10 days after planting. 
Plant emergence was recorded daily until all plants emerged. 
If both plants emerged from each plot, the one that emerged last 
was cut at the soil surface. Plant heights were collected periodically 
until the plants were harvested for dry matter determination. 
At planting time, soil samples were collected at various locations 
around the plots to determine the soil moisture content and bulk 
density. In 1982, several additional plots were established in two of 
the eight replications, for the 0-, 8-, and 16-cm bare area treatments, 
to measure the diurnal fluctuation of soil moisture as affected by the 
size of bare area of soil. Soil cores were collected with a sampling 
tube which had an inside diameter of 3 cm. Two cores at each of five 
positions from south to north (4 cm apart) on each plot were taken to a 
depth of 15 cm. The cores were then carefully sliced at intervals of 
1.5, 4.5, 7.5, 10.5, and 13.5 cm, and the composite samples for each 
depth interval were placed in air-tight cans to prevent moisture loss. 
The samples were then weighed, dried at 105°C for 48 hr and reweighed 
for soil moisture determinations. After a 3-day rain-free period, 
samples were collected four times at 3-hr intervals beginning at 7:30 
a.m. the first day and four times at 3-hr intervals beginning at 10:30 
a.m. on the second day. Because it rained periodically over the next 
2-week period, no additional samples were collected. 
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Results and Discussion 
Soil Temperature 
The soil temperatures for the 0, 8, and 16-cm bare soil treatments 
for several days in 1981 were plotted and analyzed. The temperatures in 
the upper 9 cm were most affected by the size of the bare area exposed 
to direct radiation. The 16-cm bare treatment consistently had higher 
maximum and lower minimum soil temperatures than the other treatments. 
The complete cover treatment (0-bare) usually had higher mean 
temperatures than the 8-cm bare treatment. However, the temperature 
differences between the 8- and 16-cm bare treatments were usually not 
significant. The burlap cover did not affect soil temperatures to the 
degree that might have been anticipated. The average soil temperatures 
for a clear sunny day are presented in Figure 1. 
The accumulated growing degree units (AGDU) were also determined 
for each treatment at five depths for the first 9 days after planting in 
1981 (Table 1). Although the differences in AGDU between treatments 
were not significant, it was interesting to note that the 8-cm bare 
treatment generally had the lowest AGDU values for this period. As 
expected, the AGDU decreased with depth. 
In 1982, the soil temperatures were monitored for the three bare 
area treatments with cornstalk cover. The differences between the 8-
and 16-cm bare area treatments were usually not significant. The 
complete cover treatment consistently had lower maximum temperatures and 
higher minimum temperatures than the other treatments. The soil 
temperatures for a representative sunny day are presented in Figure 2. 
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similarly, the AGDU were tabulated for the first 7 days after 
planting in 1982 (Table 2). The fact that the study was conducted 1 
month later in 1982 than in 1981 is reflected in the higher AGDU values. 
At this time of year, soil temperature is much less limiting with 
respect to emergence and early plant growth. Although the AGDU values 
increased with the diameter of bare soil, the differences were not 
statistically significant. The differences in AGDU between the 0- and 
16-cm bare treatments decreased as the depth increased. 
Soil Moisture Status 
At planting time in 1982, there were no significant differences 
between treatments for soil bulk density or for soil moisture content 
(Table 3). The 'field capacity' and 'wilting point' values for this 
soil were determined to be approximately 32 and 14% (dry weight basis), 
respectively. Therefore, soil moisture conditions at all three planting 
depths were adequate for germination and early growth. 
Eighteen days after planting, soil samples were collected 
periodically over a 2-day interval to determine the effect of cover 
treatments on the diurnal moisture fluctuation with depth. There had 
been no precipitation in the previous eight days and only 7 mm of 
precipitation since planting time. The average soil moisture content at 
the 0-2 cm depth in the center of the complete cover treatment (0-bare) 
was significantly higher than that for the 16-cm and 'all-bare' 
treatments (Table 4). The completely bare treatment had significantly 
less moisture at the 2-4 cm depth than did the 0-bare or the 8-cm bare 
treatments. The bare area treatments had no significant effect on soil 
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moisture status below the 4-cm depth. 
The diurnal soil moisture fluctuation near the soil surface was 
also affected by the cover treatments as illustrated in Figure 3. The 
soil below residue cover was subject to less evaporative moisture loss 
than soil exposed to direct radiation. Soil moisture increases for the 
bare soil were evident due to radiant cooling late in the day and larger 
moisture gradients causing upward or horizontal movement of moisture. 
Although the cover treatment had a significant effect on moisture 
fluctuation near the soil surface, the effects were not evident below 4 
cm. Soil moisture fluctuation near the surface may have significant 
effects on nutrient and pesticide losses as well as many other physical 
and biological processes (Bruce et al., 1977; Harper et al., 1976). 
Emergence 
In 1981, increasing the diameter of bare soil above the seed 
generally reduced the time required for the corn to emerge (Table 5). 
However, for a given planting depth the differences between treatments 
were often not statistically significant. For the 3-cm planting depth 
with the corn residue cover, the 12- and 16-cm bare soil treatments had 
corn emerge about 2 days earlier than did the completely covered 
treatment (0-bare). At the 9-cm planting depth with corn residue cover, 
the time required for emergence was greatest with the 0-bare treatment 
and significantly greater than all other treatments. However, this 
difference was not apparent with the corresponding treatment with the 
burlap cover. In fact, burlap cover had much less of an effect on 
emergence than did the corn stalks, particularly at the 6- and 9-cm 
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planting depths. Overall, planting depth was much more critical than 
degree of residue cover with respect to the time required for emergence. 
The corn was planted a month later in 1982 (June 10) than in 1981 
(May 10) and the warmer soil reduced the number of days required for 
emergence (Table 6). The higher soil temperatures (discussed earlier) 
associated with planting later are also reflected in the smaller 
differences in the number of days for emergence between planting depths 
compared to those for 1981. Again, there was a trend for faster 
emergence as the open area above the seed increased in size. The 4-cm 
bare treatment at the 3-cm planting depth resulted in significantly 
slower emergence than that from the 16-cm bare and residue free 
treatments. At the 6-cm planting depth, the residue free treatment had 
significantly faster emergence than only the 0-cm bare (completely 
covered) treatment. At the 9-cm planting depth, the residue free 
treatment required fewer days for emergence than did the 0-, 4-, or 8-cm 
bare treatments. Increasing the planting depth generally increased the 
time required for emergence and this was most pronounced with the 0- and 
8-cm bare treatments. For the residue free treatment, the depths of 
planting had no significant effect on the days required for emergence. 
Plant Heights 
In 1981, the corn residue cover treatments had a greater effect on 
corn growth than did the burlap cover treatment (Figure 4). The slower 
rate of emergence associated with increased planting depth was also 
reflected in slower growth and shorter plants throughout the observation 
period. For a given planting depth with the corn residue cover, the 
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corn plants were generally taller as the area of the bare soil above the 
seed increased (Figure 5). However, corn growth was not significantly 
affected by the bare soil treatments with the burlap cover. The corn 
planted at the 3-cm depth with the corn residue cover was significantly 
taller with the 12- and 16-cm bare soil treatments than that with the 
0-cm bare (completely covered) treatment. The plant height differences 
that were evident early, generally prevailed or increased slightly 
during the measurement period. 
In 1982, the plant height differences between bare area treatments 
were somewhat less than they were in 1981, possibly due to the later 
planting date (Figure 6). Although the completely bare treatment had 
the tallest plants, the differences between the other treatments we^-i 
not usually significant. The overall differences between planting 
depths were not statistically significant. At the 3-cm planting depth 
there were not significant differences between treatments until the 
final height measurement when the plants with the 4-cm bare area were 
taller than those with the 12-cm bare area. At the 6-cm planting depth, 
on July 7 the plants from the completely bare treatment were 
significantly taller than those with all other treatments except the 
4-cm bare area. At the 9-cm planting depth, the completely bare 
treatment had taller plants than all other treatments but final heights 
(July 19) were not significantly different. 
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Dry Matter Production 
In 1981, the plant from each treatment was harvested 52 days after 
planting for dry matter determination. Although the yields were highly 
variable within treatments, there were some apparent treatment effects 
(Table 7). The corn residue cover generally depressed growth much more 
than the burlap cover. This was primarily attributed to cooler soil 
temperatures with the corn residue but there may have been other factors 
such as allelopathic effects that were not identified. Dry matter 
weights were generally greater as the diameter of bare soil above the 
seed increased, but the differences were often not statistically 
significant. 
In 1982, the plants were harvested 40 days after planting, but the 
treatment effects were again relatively small (Table 7). The dry matter 
weights were generally greatest for the residue free treatment with 
those planted at the 9-cm depth yielding significantly more than those 
from most other treatments. The greater dry matter production with 
deeper planting was somewhat surprising in view of the results from 1981 
plus the fact that emergence was consistently earlier with corn planted 
shallower. 
Conclusions 
In general, the results of this study indicated that increasing the 
amount of residue free soil above the seed will decrease the time 
required for plant emergence and generally increase the rate of early 
plant growth. However, the optimum amount of bare soil will be very 
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dependent upon the local soil conditions and time of year. The 
differences in soil temperature and in plant emergence for the 
treatments in this study were not as great as might have been expected. 
The results from 1982 would suggest that the 16-cm bare treatment was 
not as effective as the completely bare treatment for optimum growth. 
Planting depth was often more important than the amount of bare soil 
above the seed. Shallower planting will help reduce the slower 
emergence associated with planting in heavy residue. 
The relative proximity of residue cover near the row had 
significant effects on the diurnal soil moisture fluctuation near the 
soil surface but not in the normal seed zone. Large moisture 
fluctuations near the soil surface may have important implications on 
the volatilization of nutrients or pesticides. The fluctuation in soil 
moisture status should also be considered when attempting to model the 
soil temperature regime near the soil surface. The temperature and 
moisture data collected in this study could provide a good basis for 
future temperature or moisture modeling studies. 
Most no-till planters operating in no-till conditions have a narrow 
band of residue-free soil above the seed. This is particularly true for 
till-plant or for strip-till planting systems. More research is 
necessary to separate temperature effects of crop residue and the 
possible allelopathic effects. In many situations, the beneficial 
effects of increased moisture conservation in the seed zone may be more 
important than the temperature depression associated with planting in 
no-till conditions. 
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Table 1. Accumulated growing degree units at five depths 9 days 
after planting for the bare area treatments with burlap 
cover in 1981 
Depth Diameter of Bare Soil 
cm cm 
0 8 16 Mean 
0 55.9* 56.3 58.1 56.8 
3 49.6 47.2 53.6 50.1 
6 47.2 44.8 47.8 46.6 
9 45.6 43.9 46.1 45.2 
12 44.9 43.0 45.1 44.3 
Mean 48.6 47.0 50.1 
^Differences between treatments were not significantly 
different at the 5% level of probability. 
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Table 2. Accumulated growing degree units at five depths 7 days 
after planting for the bare area treatments with corn 
residue cover in 1982 
Depth Diameter of Bare Soil 
cm 
0 8 16 Mean 
0 78.4* 80.6 82.4 80.5 
3 76.5 79.0 80.2 78.6 
6 76.2 78.1 78.6 77.6 
9 75.2 76.8 76.7 76.2 
12 74.2 74.2 74.4 74.3 
Mean 76.1 77.7 78.5 
^Differences between treatments were not significant at the 
5% level of probability. 
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Table 3. Soil moisture and soil bulk density with depth at planting 
time for different cover treatments (1982) 
Bulk® Diameter of Bare Soil (cm) 
Depth Density 0 8 16 All Bare 
cm Mg/m3 % (w/w) 
0-5 1.05 23.0^ 21.3 21.6 20.3 
5-10 1.16 27.9 26.8 27.2 26.0 
10-15 1.21 29.3 28.0 28.6 29.7 
15-20 1.26 29.8 29.0 29.9 31.6 
20-25 1.32 31.0 30.1 30.4 29.4 
^Mean value of soil bulk density for all treatments. 
^Differences between treatments were not significantly 
different at the 5% probability level. 
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Table 4. Average soil moisture content during 2-day period for 
different cover treatments 
Depth Diameter of Bare Soil (cm) 
0 8 16 All Bare 
cm % (w/w) 
0-2 20.4 a^ 18.7 ab 17.1 b 12.0 c 
2-4 25.9 a 25.9 a 24.7 ab 23.5 b 
4-7 27.8 a 27.6 a 27.2 a 26.5 a 
7-10 29.4 a 28.7 a 28.8 a 28.7 a 
10-15 30.2 a 30.7 a 30.2 a 29.9 a 
§ 
Soil moisture means within each depth followed by the 
same letter are not significantly different at the 5% level 
using Duncan's Multiple Range Test. 
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Table 5. Average number of days for corn to emerge with various residue 
cover treatments at different planting depths in 1981 
Diameter of bare soil above seed (cm) 
Planting 
depth (cm) 0 4 8 12 16 Mean 
Corn residue cover 
3 12.2 bcd^ 11.4 abc 11.0 ab 10.0 a 10,3 a 10.9 
6 13.0 de 12.8 cde 13.1 de 12.3 bed 12.3 bed 12.7 
9 16.4 f 14.0 e 14.1 e 14.1 e 13.4 de 14.4 
Mean 13.8 12.7 12.7 12.1 12.0 12.7 
LSD(.05)=0.8 
Burlap cover 
3 10.8 ab 10.3 a 11.0 ab 10.1 a 10.1 a 10.5 
6 12.2 bed 11.3 abc 11.3 abc 11.4 abc 11.0 ab 11.4 
9 12.7 cd 13.6 d 13.3 d 13.0 d 12.6 ad 13.0 
Mean 11.9 11.7 11.9 11.5 11.2 11.6 
LSD(.05)=0.5 
§ 
Means for each type of residue cover followed by the same 
letter are not significantly different at 5% level of probability 
based on Duncan's Multiple Range Test. 
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Table 6. Average number of days for corn to emerge with different corn 
residue cover treatments at three planting depths in 1982 
Diameter of bare soil above seed (cm) 
Planting 
depth (cm) 0 4 8 12 16 
Residue 
free Mean 
3 
s 
7.0 a-e* 7 .9 b-e 7.4 a-e 6.6 ab 6.0 a 6.0 a 6.8 
6 8.4 d-g 7 .8 b-e 7.8 b-e 8.2 c-f 7.4 a-e 6.8 abc 7.6 
9 9.8 gh 9 .6 fgh 10.0 h 8.8 e-h 8.2 c-f 7.4 a-e 8.9 
Mean 8.4 8 .4 8.4 7.9 7.2 6.7 7.3 
LSD(.05) =0.5 
^Means followed by the same letter are not significantly 
different at 5% level of probability based on Duncan's Multiple Range Test. 
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Table 7. Average dry weight of corn plants as affected by residue 
cover treatment and planting depth in 1981 and 1982 
Diameter of bare soil above seed 
cm 
Planting Residue 
depth 0 4 8 12 16 free Mean 
cm g/plant 
1981^-
corn residue 
3 72 efg^ 75 efg 81 d-g 104 a-g 128 a-e -- 92 
6 65 ef 73 efg 84 c-g 92 b-g 81 d-g -- 79 
9 50 f 67 ef 67 ef 99 d-g 78 d-g -- 68 
Mean 63 72 77 98 96 80 
burlap cover 
3 137 a-d 162 a 127 a-e 154 ab 160 a -- 148 
6 120 a-e 124 a-e 153 ab 145 abc 144 abc — 137 
9 113 a-f 101 a-g 102 a-g 142 abc 112 a-f -- 114 
Mean 123 129 127 147 139 133 
LSD 0.05 40 
1982^ — 
3 63 bed 64 bed 56 bed 46 cd 43 d 64 bed 56 
6 59 bed 50 bed 45 cd 77 ab 49 bed 72 abc 59 
9 54 bed 51 bed 53 bed 64 bed 68 bed 95 a 61 
Mean 59 55 51 62 53 77 59 
^Harvested 52 days after planting. 
^Means for each year followed by the same letter are not 
significantly different at the 5% level of probability based on 
Duncan's Multiple Range Test. 
^Harvested 40 days after planting. 
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in 1981 
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treatments with com residue cover at three planting depths 
in 1981 
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PART IIiEFFECTS OF PLANTERS ON SOIL PROPERTIES AND CROP EMERGENCE 
Introduction 
In view of the potential benefits of no-till planting systems 
including soil conservation and lower economic and energy inputs, 
researchers will continue to study the effects of these systems on soil 
properties and plant growth. The problems associated with planting 
through heavy crop residue into undisturbed soil has limited the 
widespread adoption of no-till (Erbach, 1981). Factors such as cooler 
soil temperatures, poorer seed placement compared to those with 
conventional tillage systems have often been blamed for depressed crop 
growth and ultimately poorer yields with no-till. 
Agricultural engineers and machinery manufacturers often complain 
that they have little or no design criteria upon which to base 
development or modification of tillage or planting equipment. Most 
researchers are able to recognize a good seedbed on a qualitative basis, 
but they are unable to quantify an optimum seedbed. One of the primary 
objectives of any tillage system is to create an optimum seedbed for 
maximum germination and rapid seedling emergence. However, surveys 
indicate that 60 to 85% emergence of the planted seed may be typical for 
most of the cereal crops. This would indicate that there is a need for 
improving seedbeds so as to improve crop emergence. 
There have been numerous studies conducted in controlled environ­
ments concerning specific soil physical factors such as temperature and 
moisture and their effects on seed germination and seedling emergence. 
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Early research found that rate of emergence for most seeds decreased 
with increasing soil moisture tension, but total emergence was not 
affected in the range between field capacity and permanent wilting 
percentage (Doneen and MacGillivray, 1943; Ayers, 1952). Hunter and 
Erickson (1952) found for five soil types minimum values of matric 
pressures of -12.7, -8.0, -6.7, and -3.5 bar necessary for emergence of 
corn (Zea mays L.), rice (Oryza sativa L.), soybeans (Glycine max L.), 
and sugar beet (Beta vulgaris L.) seeds, respectively, de Jong and Best 
(1979) found that soil type had little effect on wheat emergence at 
similar water potentials and temperatures. They also observed that rate 
of emergence from a 10 cm depth at 19.4°C was equal to that from 1.25 
and 2.5 cm depths at 12.2°C. Although many studies have shown that 
plants require progressively more heat units as soil moisture tension 
increases, they concluded that the minimum temperature for emergence 
decreases with decreasing soil moisture content. 
It has been known for a long time that temperature has a remarkable 
effect on seed germination (Kotowski, 1926; Hagen, 1952). Temperature 
investigations on the germination and emergence of nineteen native and 
cultivated herbaceous species were conducted by Dubetz et al. (1962) and 
on corn by Alessi and Power (1971). The effect of crop residue mulches 
in reducing soil temperatures and decreasing short term evaporative 
losses has been well documented (Bond and Willis, 1970; Willis and 
Amemiya, 1973). 
In addition to establishing the relative importance of moisture and 
temperature for germination and plant emergence, several researchers 
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including Bowen and Coble (1967) have studied the importance of aeration 
and mechanical impedance on early plant growth. Several studies have 
demonstrated that an air content of at least 10 percent by volume in the 
soil is necessary for air exchange to take place and to provide suitable 
conditions for germination and plant growth (Wesseling and van Wijk, 
1957). Phillips and Kirkham (1952) found that bulk density and 
penetrometer measurements were highly correlated with corn growth and 
yield reductions. Johnson and Henry (1964) found that surface 
compaction reduced soil drying rates especially at the large granule 
size, but emergence was reduced from increased compaction. Stout et al. 
(1961) demonstrated that there was an interaction between soil moisture 
and soil compaction for optimum emergence of sugar beet seed. With good 
soil moisture conditions, only minimal soil packing was beneficial for 
optimum emergence. If surface moisture was limited then increased 
surface compaction only improved emergence when adequate moisture was 
available below the seed. They also concluded that packing at seed 
level enhanced rapid emergence and that covering the seed with loose 
soil reduced the adverse effects of surface compaction. Johnson and 
Buchele (1961) showed that as soil aggregate size increased and 
compactive effort decreased the rate of soil drying increased and the 
total emergence of corn was incomplete. Taylor and Johnson (1956) found 
that the proportion of soil aggregates (by weight) less than 2 mm in 
diameter was significantly correlated with both early and late stands of 
corn. Allmaras et al. (1965) observed large differences in the 
aggregate size distributions between tillage treatments for the soil in 
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the row zone of cropped corn. 
There is only a limited amount of research where these principles 
have been applied or evaluated in the field. There is a lack of 
information regarding the interaction of compaction and crop residue 
cover and related effects on soil moisture conservation and early plant 
growth. Stickler (1962) found that press-wheel compaction was important 
for maximum stands of winter wheat under some conditions but he was 
unable to explain the specific reasons for this response. The trend 
towards no-till systems places considerably more emphasis on the 
effectiveness of the planting operation. Information is needed on the 
effects of different planting systems on various soil physical 
properties in relation to seed germination and early plant growth. 
Wilkins et al. (1983) attempted to quantify the effects of grain drill 
openers on various soil physical properties. Quantifying the effects of 
planters on the soil environment would be very useful to those who 
design planters as well as those researchers who attempt to model the 
moisture and temperature regimes of different tillage systems. 
The overall objective of this research was to gain a better under­
standing of the effects of planters on various soil physical properties 
such as compaction, residue cover and soil aggregate size distribution 
and indirect effects on soil temperature, soil moisture and plant 
emergence. Specific objectives were to: 1) measure changes in soil 
bulk density, aggregate size distribution and residue cover as affected 
by the planting operation; 2) test the hypothesis that press-wheel 
compaction is important under varying soil moisture conditions 
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associated with different tillage systems; and 3) assess the 
interaction, if any, between residue cover and compaction in terms of 
affecting soil moisture loss and seed germination and emergence. 
Materials and Methods 
The field studies were conducted in 1981 and 1982 on well drained 
soils of the Clarion-Nicollet-Webster soil association at the 
Agricultural Engineering-Agronomy Research Center near Ames, Iowa. 
Experiment I 
The initial study was conducted in August of 1981 to determine the 
effect of two levels of press-wheel compaction and the effect of residue 
cover on some soil physical properties and related effects on corn 
emergence and seedling growth. The soil was characterized as a loam, 
with sand, silt, and clay contents of 41, 35, and 24 percent, 
respectively. The field was moldboard plowed in spring and disced twice 
during the summer before final seedbed preparation with a spring-tooth 
cultivator and harrow. A randomized split-plot design with 4 
replications was used with each main plot having the dimensions of 4 x 
10 m to accommodate one pass with a standard 4-row planter (760 mm row 
spacing). The press-wheel treatments were the standard rubber or cast-
iron press-wheels on a John Deere Max-Emerge planter. An intermediate 
spring tension was used for both press-wheels such that the vertical 
force required to lift the press-wheels from a firm level surface was 
approximately 155 and 312 N for the rubber and cast-iron press-wheels, 
respectively. Three cover treatments consisting of cornstalks (at a 
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rate equivalent to 7000 kg/ha), 3-layers of burlap, and open (no-cover) 
were applied to l-m^ sub-plots in each of the 4 rows of each press-wheel 
treatment. Two of the sub-plots (for each of the cover treatments) were 
randomly selected for soil sampling and the remaining two were used for 
plant emergence and dry-matter determination. 
Before planting, soil samples, for soil moisture and bulk density 
determination, were collected from 0-3, 3-6, and 6-9 cm depths at eight 
sites across the field. Thin-walled cylinders (8-cm diam x 3 cm) were 
pressed into the soil and carefully excavated so that a known volume of 
soil could be transferred to air-tight containers for transport to the 
laboratory for gravimetric analysis. 
Soil samples, from the top 5-cm of soil, for dry aggregate analysis 
were also collected, prior to planting, using a small shovel. Composite 
samples were collected at three sites in each main plot for subsequent 
analysis using a rotary sieve as described by Chepil (1952). Similarly, 
samples were collected after planting from the row area to obtain a 
measure of the change in the soil aggregate size distribution as 
affected by planting or by press-wheel treatment. 
Shortly after planting, soil samples for moisture and bulk density 
analysis were collected from the row area by using smaller thinwall 
cylinders (4.8 cm diam x 3 cm). Three adjacent samples were collected 
across the row at 0-3 and 3-6 cm depths. This was done at four 
locations for each main plot with samples from two of the locations 
being combined as one composite sample. 
The cover treatments were applied with the cornstalks being held in 
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place by poultry netting and wire stakes. The three layers of burlap 
were cut down the center to permit corn emergence. Dial type stem 
thermometers were installed in each of the cover treatments in two of 
the four replications to monitor soil temperatures at the 5-cm depth. 
Glass mercury thermometers were also installed near the stem 
thermometers in such a manner that the temperatures at a 1-cm depth 
could be monitored. 
Beginning two days after planting and application of cover 
treatments, soil cores were collected, several times over a 2-day 
period, to measure the diurnal fluctuation of soil moisture as affected 
by cover or press-wheel treatment. Two cores from each treatment in two 
replications were taken with a stainless steel sampling tube (32-mm 
diam) to a depth of 10 cm. The cores were then carefully sliced at 
intervals of 1, 2, 4, 6, and 8 cm, and the composite samples for each 
depth interval were placed in air-tight cans for gravimetric moisture 
determination. 
Differences in emergence and early plant growth were noted and the 
center three plants in each cover treatment were harvested, for dry-
matter determination, 35 days after planting. 
Experiment II 
Another field trial was initiated in the fall of 1981 to evaluate 
the effects of different planting systems on some soil physical 
properties and on residue cover for winter wheat (Triticum aestivum L.) 
production. The site used for this study had been in soybeans the 
previous two seasons. The soil was characterized as a clay-loam with 
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sand, silt, and clay contents of 28, 40, and 32 percent, respectively. 
The field was not cultivated during the 1981 season. Weeds were 
controlled with suitable non-selective herbicides. Six treatments 
consisting of three planting methods on two tillage systems were 
arranged in a randomized complete block design with six replications. 
Each plot was 7.5 x 17 m in size. 
The three planting methods were: 1) a 4-row unit planter on 
760-mm centers (two passes were used to achieve 380-mm row spacing); 2) 
a three point mounted triple-disc grain drill with 250-mm row spacing; 
and 3) a field cultivator air seeder unit that had hoe openers on a 
180-mm row spacing. All planting machines were calibrated to seed 
winter wheat (Centurk 78) at 100 kg/ha- Two weeks prior to planting the 
tillage plots were disced (100-120 mm deep) and then cultivated with a 
spring-tooth cultivator three days before planting on October 16. Six 
days before planting the no-till plots were sprayed to control existing 
weeds. 
Soil samples were collected from each plot (three replications), 
before and after planting, for soil moisture, bulk density, and 
aggregate analysis in a manner similar to that described in Experiment 
I. Residue cover was measured on each plot before and after planting 
with a photographic technique similar to that used by Williams (1979). 
Three days after planting, measurements were made at six sites in each 
plot (three replications) to determine differences in seed depth. 
Emergence counts were taken for traffic and non-traffic areas on each 
plot. Emergence rate index was calculated using the method described by 
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Erbach (1982). A field combine was used to harvest a 3-m width from 
each plot for yield determination. 
This study was repeated in the 1982-83 season. However, different 
press-wheel treatments were included with the unit planter treatments in 
a split-plot design. Four presswheel treatments were: 1) rubber John 
Deere Max-Emerge press-wheels set to exert a static downward force of 
215 N; 2) cast iron Max-Emerge press-wheels with a static downward 
force of 645 N; 3) 355-mm diameter small implement tire that was 95 mm 
wide and equipped to exert a static downward force of 215 N; and 4) 
same tire as 3) with a static downward force of 645 N. 
Experiment III 
In 1982, a field experiment was established at a site adjacent to 
the site of Experiment I. This study was designed to compare the 
effects of four press-wheel treatments (described in Experiment II) for 
planting corn with three tillage systems for seedbed preparation. The 
three tillage systems consisted of: 1) relatively deep (150 mm) 
discing done repeatedly to achieve a comparatively dry seedbed with a 
final shallow cultivation using a spring-tooth cultivator prior to 
planting, 2) an initial shallow (100 mm) discing followed by a shallow 
cultivation with a spring-tooth cultivator for final seedbed 
preparation, and 3) no-till with appropriate herbicide application for 
broad spectrum weed control. The tillage and no-till treatments had 
been moldboard plowed and no-tilled for several years. 
The experimental design was a randomized complete block with 
tillage treatment as the main plot and the four press-wheel treatments 
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randomly assigned to split-plots within each main plot. Each main plot 
was 6 X 27 m and there were five replications. Soil samples, for soil 
moisture and bulk density determination, were collected before and after 
planting, in a manner similar to that described in the other 
experiments. Similarly, photographs were taken before and after 
planting to determine the effect of tillage or planting on residue 
cover. The effect of treatments on plant growth was assessed by 
calculating the emergence rate index (ERI) and by harvesting ten 
plants/treatment at the 3- and 5-leaf stages for dry-matter 
determination. 
The effect of tillage or planting treatment on the isothermal water 
diffusivity was determined in the laboratory using a technique similar 
to that described by Hammel et al. (1981). Thin-wall steel cylinders, 
10 cm in diameter and 20 cm in length were pressed into the furrow of 
each press-wheel treatment for each tillage system, in two replicates, 
until the top was flush with the soil surface. A larger 20 cm diameter 
and 30 cm long cylinder was then pressed around the smaller cylinder and 
water was added to saturate the soil in the inner cylinder. The outside 
cylinder was sealed on top with plastic wrapping and left in place for 
two days. The inner cylinders and soil were then excavated and sealed 
in plastic bags and placed in a relatively constant temperature room at 
22±2°C for four days, after which evaporation was allowed to proceed at 
room temperature for 45 days. Each core was weighed each day to 
determine the soil moisture loss. Soil water diffusivity was then 
estimated using a method similar to that of Gardner and Gardner (1969). 
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Results and Discussion 
Experiment I 
Soil moisture and bulk density Soil samples collected before 
and after planting for soil moisture and bulk density analysis indicated 
that the planting operation in general, increased the soil bulk density 
at both the 3-5 and 6-9 cm depth (Table 1). However, the heavier cast-
iron press-wheel resulted in a significantly higher soil bulk density 
than the rubber press-wheel at only the 3-6 cm depth. Although the soil 
moisture content was drier in the 0-3 depth after planting, planting or 
press-wheel treatment did not significantly affect soil moisture content 
at greater depths. Although the soil bulk density at the 3-6 cm depth 
in the center of the row was less than that on either side for both 
press-wheel treatments, the differences were not statistically 
significant (Table 2). The differences for moisture content or for bulk 
density between press-wheel treatments were not significant. 
Aggregate size distribution The planting operation had a 
significant effect on the aggregate size distribution of the soil in the 
row (Table 3). The percentage of fine aggregates (<12.7 mm) increased 
and that of the larger aggregates (>25.4 mm) decreased. The most 
significant change in aggregate size distribution was the reduction of 
aggregates in the 25.4 to 50.8 mm size range. The change in the 
aggregate size distribution was reflected in the significant reduction 
of the mean-weight-diameter (MWD) parameter from 0.432 to 0.307. The 
differences in aggregate size between press-wheel treatments were not 
significant with the exception of the aggregates less than 3.2 mm in 
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diameter, however, this difference also existed before planting (though 
not statistically significant). 
Diurnal soil moisture fluctuation Soil samples collected at six 
different times on the third and fourth day after planting indicated 
that the press-wheel treatments had little effect on the soil moisture 
status in the seed zone. The cover treatments only had a significant 
effect on the soil moisture content in the top 2 cm of the soil. The 
maximum and minimum values of the soil moisture content during the 2-day 
period for the three cover treatments are presented in Figure 1. 
Radiation and temperature levels were somewhat below normal for this 
time of year. 
Soil temperature Soil temperatures at the 1- and 5-cm depths 
monitored for several days after planting also showed little effect due 
to press-wheel treatment. However, the soil temperatures at both depths 
of the burlap and corn-stalk cover treatments were considerably lower 
than those for the open treatment (Figure 2). The mean daytime soil 
temperature for the open treatment was approximately 10°C and 4°C higher 
than the other cover treatments at the 1- and 5-cm depths, respectively 
(Table 4). Interesting to note is that the 3-layers of burlap had 
somewhat higher soil temperatures than the corn-stalk cover. 
Emergence Indicative of the good soil moisture conditions and 
high soil temperatures in the seed zone, was that virtually all of the 
seedlings had emerged within 7 days of planting. The seedlings with the 
open treatment were visible only 1 day prior to those from the other two 
cover treatments. There was no apparent effect of press-wheel treatment 
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on rate of emergence of corn plants. Near optimal soil moisture 
conditions for the duration of this study would suggest that moisture 
was not limiting plant growth. Field observations and water retention 
analyses had shown that 'field capacity' and 'wilting point' values for 
this soil were approximately 30 and 12 percent (dry-weight basis), 
respectively. However, the plants grown in the areas with no cover 
generally appeared to be healthier and more succulent than those with 
the cover treatments. 
Dry matter production The dry-matter weights of the corn plants 
harvested 35 days after planting were significantly higher for the no-
cover treatments than they were for the burlap or the corn-stalk cover 
treatments (Table 5). In view of the time of year during which this 
study was conducted, the relative significance of this difference 
between cover treatments may be questioned. Since soil temperatures 
were not limiting growth at this time of year, it would seem that other 
factors may have been responsible for the differences in dry-matter 
production. Although allelopathic effects associated with the corn­
stalk treatment may have depressed growth to some extent, the same may 
not be true for the burlap cover treatment. There was some evidence of 
greater insect damage on both cover treatments compared to the no-cover 
treatments. The overall dry-matter weights were greater for the cast-
iron press-wheel treatment than they were for the rubber press-wheel 
treatments. The largest difference between press-wheel treatments 
(though not significant) occurred for the no-cover treatments. This was 
the only indication that there may have been some press-wheel and cover 
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interaction as a resuit of differences in soil physical properties. 
Experiment II 
Soil moisture and bulk density (1981) Soil moisture conditions, 
before and after planting winter wheat in 1981, were very good. Prior 
to planting, the no-till plots were more compact than the tilled plots 
(Table 6). After planting, the differences in bulk density between the 
tilled plots and untilled plots had largely disappeared but there were 
some significant differences between planter treatments. The bulk 
density of the top 3-cm of soil in the rows planted with the cultivator 
air-seeder was much less than that in the rows planted with the other 
two planters. However, in the seed-zone (3-6 cm) the differences in 
bulk density between planting methods were not significant. The triple-
disc grain drill placed few seeds below 3 cm deep in the no-till plots, 
and caused little soil disturbance in the 3-6 cm zone. This is also 
reflected in the average planting depth of 14 mm for this drill (see 
Table 9). However, soil moisture conditions in the 0-3 cm zone were 
adequate for seed germination. The soil moisture content in the seed-
zone of the no-till plots planted with the air-seeder was significantly 
lower than that with the other treatments, but there was little evidence 
that this affected emergence or early seedling growth. 
Aggregate size distribution (1981) Before planting, the 
aggregate size distribution of the top 5 cm of soil on tilled plots was 
quite different from that of untilled plots (Table 7). The pre-planting 
seedbed preparation increased the proportion of large aggregates (>25.4 
mm) and generally decreased the proportion of aggregates less than 25.4 
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mm. The no-till plots had a relatively high proportion of fine 
aggregates (<3.2 mm), possibly reflecting the 'mellow tilth' of soil 
after a soybean crop. Planting had the greatest effect on the aggregate 
size distribution of the soil on the no-till plots. The proportion of 
aggregates greater than 6.4 mm in diameter increased and that of 
aggregates less than 6.4 mm decreased. The 4-row unit planter had the 
smallest proportion of small aggregates (<3.2 mm) and the largest 
proportion of large aggregates (>25.4) of any planting treatment, 
particularly on the tilled plots. This was attributed to the press-
wheels of the planter which compacted the moist soil above the seed 
resulting in larger soil aggregates at the time of sampling. The 
strength of these larger moist aggregates increased during air drying 
and broke down little during dry-sieving. 
Residue cover (1981) Because surface residue cover is important 
for protection from soil erosion and for improving soil moisture 
conservation, measurements were made to determine the effect of planting 
method on residue conservation (Table 8). In 1981, pre-planting tillage 
with an offset disc and a spring-tooth cultivator resulted in 24% cover 
compared to 52% cover with no-till. Although planting reduced the 
percent cover more on the no-till plots than on the tilled plots, the 
average cover on the no-till plots (32%) was nearly double that on the 
tilled plots (17%). The small differences in cover between planting 
methods for a given tillage system could be attributed to differences in 
row spacing. 
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Planting depth and emergence (1981) There were large 
differences in the average planting depths for the planting methods 
despite efforts to place the seed at about the 50 mm depth. The 4-row 
unit planter provided the most uniform depth of planting on both tilled 
and untilled plots with average planting depth of 56 mm (Table 9). The 
triple-disc drill had an average planting depth of 14 mm on the more 
compact no-till plots and 29 mm on the tilled plots. The cultivator 
air-seeder provided the deepest seed placement, 72- and 62 mm on the 
tilled and untilled plots, respectively. Due to good soil moisture 
conditions, the wide variation in planting depths did not result in a 
correspondingly wide variation of emergence rate indices (ERI) or of 
final percent emergence. In areas not affected by the traffic 
associated with planting (uncompacted), there were no significant 
differences in ERI and only small differences in final emergence. 
However, emergence in the wheel track areas (from the previous pass to 
achieve a 360 mm row spacing) planted with the 4-row unit planter was 
much poorer than that with the other planters. Overall, the cultivator 
air-seeder resulted in the highest ERI and highest total emergence. 
Winter wheat yields (1982) The yields from the 1982 wheat crop 
were reduced by scab (Fusarium roseum), however final yields (Table 10) 
seemed to be consistent with differences in plant emergence measurements 
collected in the fall of 1981. The greatest yields were obtained from 
the no-till plots seeded with the cultivator air-seeder. The yield 
differences between the other planting methods were not significant. 
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Soil moisture and bulk density (1982) In October of 1982, 
winter wheat was again planted on the same plots, however, four press-
wheel treatments were included on the plots planted with the 4-row unit 
planter. Soil samples collected before and after planting (2-day 
interval) indicated that soil moisture conditions were good on all 
plots, however, there was more moisture loss on the plots planted with 
the cultivator air-seeder (Table 11). The considerable soil disturbance 
associated with this machine and relatively porous soil (low bulk 
density) in the row may explain the lower soil moisture content. 
Although the type or weight of the press-wheels had only a small effect 
on the soil bulk density, the soil moisture content was greater in the 
rows where the heavier press-wheels were used. The soil moisture 
content and soil bulk density were greater on the no-till plots than on 
the tilled plots. These differences were also evident in soil cores 
(0-10 cm) collected four days after planting (data not shown). 
Precipitation (16 mm) five days after planting seemed to reduce or 
eliminate the effect that moisture differences may have had on early 
plant growth. 
Aggregate size distribution (1982) As was observed in 1981, the 
tilled plots had a smaller proportion of fine aggregates (<3.2 mm) and a 
greater proportion of larger aggregates (>25.4) than did the no-till 
plots prior to planting in 1982 (Table 12). Planting reduced the 
proportion of small aggregates (<3.2 mm) by more than 50 percent on the 
no-till plots but by only 20 percent on the tilled plots. Although 
samples were collected to determine the effect different styles and 
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loading of press-wheels with the 4-row unit planter had on the aggregate 
size distribution of the soil in the row, the differences were not 
significant and the overall means were used for the planter comparisons. 
The only significant difference between planter treatments was that the 
cultivator air-seeder left a higher proportion of very large aggregates 
(>50.8 mm) in the row area than did the other planter treatments. This 
was reflected in the greater mean-weight-diameter (MWD) of aggregates in 
the row for the air-seeder compared to that for the other treatments. 
Residue cover (1982) In 1982, there was considerably more 
residue cover from the winter wheat crop than there was from the 
previous year's soybean crop (Table 8). Pre-planting tillage and 
seedbed preparation buried more than 50% of the surface cover. The 
disc-type furrow openers on the unit planter and on the triple-disc 
drill buried much less residue than did the shovel-type openers on the 
cultivator air-seeder. As was the case in 1981, the no-till plots had 
significantly more residue cover than the tilled plots. However, when 
compared with the triple-disc drill, the unit planter and cultivator 
air-seeder left much less residue cover in the row area. This was 
attributed to the deeper seed placement and greater soil disturbance 
with these planters compared to the shallow seed placement and minimal 
soil disturbance associated with the triple-disc drill. 
Planting depth and emergence (1982) Planting depth was very 
uniform for the 4-row unit planter and unaffected by press-wheel 
treatment (Table 13). Similarly, press-wheel treatment had little 
effect on ERI or on final wheat emergence. The triple-disc drill had 
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the poorest emergence on the tilled plots and the highest ERI and final 
emergence on the no-till plots despite the average planting depth of 11 
mm on the no-till plots. The good soil moisture conditions and timely 
precipitation after planting undoubtedly contributed to the high 
emergence rates and small differences in plant stands between treatments 
in this study. 
Winter wheat yields (1983) Although there were no apparent 
differences in stand between treatments during the 1983 growing season, 
there were some significant yield differences (Table 10). The press-
wheel treatments on the unit planter had no significant effect on yield. 
Yields were greatest from plots planted with the triple-disc drill, 
irrespective of tillage method. The shallow seed placement on the no-
till plots did not adversely affect yields, in fact, may have 
contributed to the higher yields for the triple-disc drill. There was a 
greater weed infestation on plots planted with the unit planter due to 
the wider row spacing (380 mm). Although moisture was never thought to 
be limiting during the growing season, the competition from weed growth 
may explain at least some of the yield depression associated with this 
treatment. There also may have been some effect of the different row 
spacings on tillering and other physiological components affecting 
yield, but this information was not collected. 
Experiment III 
Soil moisture and bulk density Since the objective of this 
experiment was to assess the effect of different planter press-wheel 
treatments with different tillage systems, it was important to have some 
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soil moisture differences between tillage systems. However, above 
average seasonal rainfall delayed the experiment until August 1 (after a 
10-day precipitation-free period). Soil samples (8-cm diam x 5 cm) 
collected before and after planting showed that there were relatively 
large differences in soil moisture content and bulk density between 
treatments, particularly in the top 5 cm of soil (Table 14). Before 
planting, the deeper and more intensively tilled treatment was the 
driest (14.2%) and least dense (0.91 Mg/m^) in the top 5 cm, of the 
three tillage treatments. The no-till treatment had the highest soil 
moisture (23.4%) content and highest bulk density (1.09 Mg/m^) in the 
top 5 cm. However, at the 5-10 cm depth the two tilled treatments had a 
higher soil moisture content (30%) than did the no-till treatment 
(27.5%). The dry surface soil on the tilled plots was apparently 
sufficiently well aggregated to prevent significant soil moisture loss 
from the intended seed zone. One day after planting, the 0-5 cm depth 
of the intensively tilled plots was still much drier than that of the 
other treatments, but the soil moisture content of the 5-10 cm depth was 
virtually the same for all treatments. The heavier press-wheels 
resulted in higher soil bulk densities and apparently higher soil 
moisture contents with all three tillage systems. This may be explained 
by the higher bulk densities improving capillary movement of water 
upward from deeper depths. However, press-wheel treatment had no 
apparent effect on bulk density or on soil moisture content in the 5-10 
cm depth. 
Soil cores (32-mm diam) were also collected before and after 
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planting to determine the distribution of soil moisture in the 0-15 cm 
depth (Table 15). These data also illustrate the tillage effects 
discussed earlier. However, the smaller cores collected after planting 
did not reveal the significant differences in soil moisture content due 
to press-wheel treatment that were evident 1 day earlier. The 42 mm of 
precipitation received within 5 days after planting may have reduced the 
treatment effects considerably. Soil cores collected 15 days after 
planting did not show any major differences in soil moisture between 
tillage treatments except that the tilled plots had somewhat more 
moisture below the 6 cm depth than did the no-till plots. 
Aggregate size distribution Prior to planting, the no-till 
plots had a higher proportion of mid-size aggregates (6.4-25.4 mm) than 
did the tilled plots, however, the differences in the other size ranges 
were not significant (Table 16). Although the planting operation 
affected the aggregate size distribution differently for the various 
tillage systems, the differences among press-wheel treatments for a 
particular tillage system were not significant. After planting, tilled 
treatments had a higher proportion of fine aggregates (6.4-12.7 and 
25.4-50.8 mm) than did the no-till treatment. This was also reflected 
in the higher MWD for the no-till treatment compared to the two tilled 
treatments. The differences between tillage systems were believed to be 
largely due to differences in soil moisture content at the time the soil 
was sampled. The more moist soil on the no-till plots resulted in 
somewhat larger aggregates which maintained their strength during air-
drying and seiving. 
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Residue cover The tilled plots were essentially free of surface 
cover (<5%) because of the several tillage operations in August prior to 
planting. However, the no-till plots had a high percentage of residue 
cover which did not change significantly with planting (94% to 92%). 
Since the cornstalks had weathered considerably, they did not cause any 
planting problems. There was surprisingly little soil disturbance with 
the planting operation and consequently very little change in residue 
cover. 
Emergence and dry-matter production Despite the good soil 
moisture conditions at seed depth with the more intensively tilled 
treatment, the rate of emergence was lower than that with the other two 
tillage treatments (Table 17). However, the final emergence was between 
88 and 90% for all the tillage treatments. Again, the differences in 
emergence between press-wheel treatments were not significant. The 
lower rate of emergence with the more intensively tilled treatment was 
also reflected in the lower dry-matter yields at the 3- and 5-leaf 
stages compared to that from the other treatments. 
Hydraulic characteristics To measure tillage and press-wheel 
treatment effects on soil hydraulic properties, undisturbed cores were 
collected from each treatment for laboratory analysis. Moisture 
desorption data were collected from small undisturbed samples (76 mm 
diam x 76 mm depth) for a range of soil moisture tensions between 14 and 
400 cm of water (Table 18). There were no significant differences among 
treatments at the various moisture tensions. However, it was 
interesting that for a given tension, the cast-iron press-wheel 
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treatment, with both tillage systems, had the greatest water content and 
the light tire treatment had the lowest water content. Also, the 
volumetric water contents for samples from unplanted areas on no-till 
plots were consistently lower than those from tilled plots. This 
indicated that the soil water was less tightly bound, for a given matric 
potential, on untilled soil than it was on tilled soils. Although this 
requires further investigation, it may help explain the observation made 
earlier (Table 15) regarding the higher soil moisture contents on the 
tilled plots at deeper depths. Others have observed similar differences 
in the hydraulic characteristics associated with different tillage 
systems (Hamblin, 1982). 
The evaporation from larger undisturbed cores from each treatment 
illustrated some interesting but inconsistent relationships (Figure 3). 
Although there were no significant differences in the cumulative 
evaporation between tillage treatments, there were significant 
differences between press-wheel treatments for the shallow tilled 
treatment. The heavier press-wheel treatments lost significantly more 
moisture during the 45-day period than did the lighter press-wheel 
treaments. Since this same effect was not apparent for the other two 
tillage treatments, it is difficult to draw any major conclusion 
regarding these differences. Other studies have shown that long-term 
evaporation is often independent of tillage system or of the amount of 
surface residue cover (Bond and Willis, 1971). 
By plotting the cumulative evaporation versus the square root of 
time, a measure of the isothermal soil water diffusivity can be 
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obtained, if certain assumptions are made (Gardner, 1959). The 
calculated soil water diffusivities reflected the differences in 
cumulative evaporation for the different press-wheel treatments (Table 
19). The diffusivity values were of the same order of magnitude that 
others have found for this type of soil at a high matric potential. 
Since the soil water diffusivity varies by several orders of magnitude 
with changes in soil water content, the effects that these apparent 
treatment differences may have in the field require further 
investigation. 
Summary and Conclusions 
Field trials were conducted to determine the effects of different 
planting systems on soil physical properties in relation to emergence 
and early growth of corn and winter wheat. The effects of increasing 
the down pressure on two different styles of press-wheels were evaluated 
and related effects were discussed. 
Under the conditions of this study, tillage or planting systems 
often had significant effects on the soil bulk density, soil moisture, 
soil aggregate size distribution, and residue cover; however these 
effects were usually not of the magnitude to significantly affect 
emergence and early plant growth. Similarly, increasing the load on 
planter press-wheels often resulted in higher soil bulk densities in the 
seed zone, but with adequate soil moisture, this had little effect on 
plant growth. The 4-row unit planter consistently increased the soil 
bulk density on tilled seedbeds (approximately 0.95 Mg/m^) to levels 
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equivalent to those found on no-till seedbeds (1.10 to 1.15 Mg/m^). The 
triple-disc drill and the cultivator air-seeder had lower soil bulk 
densities in the seed zone due to less press-wheel compaction. 
Although tillage system and planting had differential effects on 
the aggregate size distribution of the top 5 cm of the soil, differences 
in soil texture and soil bulk density and moisture content at the time 
the samples were collected may have also influenced the resulting size 
distribution. Good soil moisture conditions and above average 
precipitation prevented any correlation between soil moisture losses and 
the size distribution of soil aggregates. Similarly, residue cover was 
much greater with the no-till planting systems compared with the tilled 
systems, and was somewhat affected by the type of planter. But, since 
soil moisture was never limiting with either tillage system, there was 
little evidence that residue cover resulted in higher soil moisture 
content in the normal seed zone (5 to 6 cm depth). 
Under drier conditions or on less well-structured soils, planter 
and press-wheel systems may have a greater effect on early plant growth 
than was demonstrated in this study. Planter and press-wheel 
combinations may also be more critical for shallow seeded crops, but 
adequate depth control then becomes more difficult. On well-structured 
soils in humid environments there may not be a need for the wide range 
of press-wheel options that are presently available on most row crop 
planters. Similar studies should be conducted in drier regions where 
grain drills are being supplied with a variety of press-wheel systems. 
More research is necessary to fully understand the relative importance 
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press-wheel loading and the significance of press-wheel design. 
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Table 1, Soil moisture content (w/w) and soil bulk density 
before and after planting 
Before Planting After Planting 
Rubber 
Press-wheel 
Cast-iron 
Press-wheel 
Moisture Bulk 
Depth Content Density 
Moisture Bulk 
Content Density 
Moisture Bulk 
Content Density 
cm %w/w Mg/m3 %w/w Mg/m3 %w/w Mg/m3 
0-3 
s 
19.8a* 0.87a 17.4b 0.90a 17.2b 0.90a 
3-6 23.9a 0.91c 24.4a 1.11b 24.4a 1.18a 
6-9 26.7a 1.10c 26.2a 1.16ab 25.9a 1.19a 
Mean 23.5a 0.96b 22.7a 1.06a 22.5a 1.09a 
Means for moisture content or bulk density within each 
depth followed by the same letter are not significantly different 
at 5% level of probability based on Duncan's Multiple Range Test. 
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Table 2. Soil moisture and soil bulk density at three adjacent 
positions and at two depths in the row with rubber and 
cast-iron press-wheels 
Rubber Press-wheel Cast-iron Press-wheel 
Depth Position 
Moisture 
Content 
Bulk 
Density 
Moisture 
Content 
Bulk 
Density 
cm %w/w Mg/m3 %w/w Mg/m3 
Left 18.6 0.88 17.8 0.90 
0-3 Center 16.5 0.90 16.9 0.93 
Right 15.6 0.93 16.9 0.91 
Depth Mean* 16.9 0.90 17.2 0.91 
Left 25.0 1.13 24.2 1.16 
3-6 Center 23.7 1.07 24.0 1.13 
Right 24.5 1.14 24.2 1.17 
Depth Mean 24.4 1.11 24.1 1.15 
Overall Mean 20.6 
o
 
o
 
f—
1 
20.7 1.03 
LSD 0.05 for moisture content and bulk density means 
between depths within press-wheel treatment are 2.1 % and 0.09 Mg/m^, 
respectively. 
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Table 3. Aggregate size distribution and mean-weight-diameter 
(MWD) of soil before and after planting 
Percent of total in size range (mm) 
<3.2 3.2-6.4 6,4-12.7 12.7-25.4 25.4-50.8 MWD 
nun 
Before Planting^ 
Rubber Pw 46.9 12.5 13.3 13.7 13.6 .410 
Iron Pw 44.0 11.9 13.0 14.6 16.5 .454 
Mean 45.5 12.2 13.2 14.2 14.9 .432 
After Planting 
Rubber Pw 51.3 15.0 16.9 12.1 4.7 .286 
Iron Pw 48.0 14.2 16.2 15.2 6.4 .328 
Mean 49.6 14.6 16.6 13.6 5.6 .307 
LSD 0.05 Pw'^ 2.7 NS NS NS NS NS 
LSD 0.05 3.2 2.2 0.8 NS 4.5 .062 
Planting^ 
^Soil samples (3/plot) collected from plots to receive 
press-wheel treatment. 
'^Least significant difference (P=0.05) between press-wheel 
treatments after planting. 
"^Least significant difference (P=0.05) for before and after 
planting means with press-wheel treatments combined. 
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Table 4. Maximum, minimum and mean day-time soil temperatures 
for different cover treatments during the first three 
days after planting 
Depth Temp 
Cover Treatments 
Burlap Corn Open 
1 cm 
max 
min 
mean^ 
30.0 
19.0 
25.3 b 
--°C 
24.0 
19.0 
22.2 c 
44.0 
14.0 
33.6 a 
5 cm 
max 
min 
mean 
24.5 
18.5 
22.2 b 
23.0 
18.0  
21.0 b 
29.5 
16.5 
25.0 a 
§ 
Means within each depth followed by the same letter are 
not significantly different at the 5% level using Duncan's Multiple 
Range Test. 
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Table 5. Dry-matter weights of corn harvested 35 days after 
planting as affected by cover and press-wheel treatment 
Cover Treatment 
a 
No cover Burlap Corn stalks 
Press-wheel 
Mean^ 
Rubber 
press-wheel 21 .8  18 .8  15.2 18 .6  
Cast-iron 
press-wheel 25.6 18.5 16.7 20.3 
Cover Mean 23.7 18 .6  15.9 
LSD 0.05 of different cover treatments for different 
press-wheel treatments is 5.0 g. 
^LSD 0.05 between press-wheel means is 1.3 g. 
^LSD 0.05 between cover means is 2.7 g. 
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Table 6. Soil moisture and bulk density before and after planting 
winter wheat (1981) 
BEFORE PLANTING 
Tilled No-till 
Moisture Bulk Moisture Bulk 
Depth Content Density Content Density 
cm % Mg/m3 % Hg/m^ 
0-3 25.2 0.88 27.6 1.12 
3-6 29.3 0.96 29.4 1.16 
6-9 30.2 1.11 30.8 1.18 
LSD 0.05 1.3 0.06 1.3 0.06 
AFTER PLANTING 
Planter 
4-row unit 23.6 1.03 25.7 1.00 
0-3 Triple-disc drill 24.4 1.04 25.4 1.10 
Air-seeder 24.3 0.86 26.1 0.85 
4-row unit 29.2 1.19 28.8 1.18 
3-6 Triple-disc drill 27.3 1.10 27.8 1.22 
Air-seeder 28.4 1.13 24.7 1.16 
LSD 0.05 2.6 .08 2.6 .08 
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Table 7. Aggregate size distribution and mean-weight-diameter (MWD) 
of soil before and after planting with different tillage 
and planting methods (1981) 
Tillage or Percent of total weight in size range (mm) 
Planting <3.2 3.2- 6.4- 12.7- 25.4- MWD 
Method 6.4 12.7 25,4 50.8 
mm "o 
Before Planting 
Tilled 43.0 10.3 12.4 12.2 22.0 .604 
No-till 50.6 13.1 15.8 14.4 6.1 .314 
LSD 0.05 NS 2.5 1.7 1.8 6.8 .164 
Mean 46.8 11.7 14.1 13.3 14.0 .459 
After Planting 
Tilled 
4-row unit 28.0 10.2 15.0 20.1 26.7 .644 
Triple-disc drill 39.4 12.1 15.6 18.0 14.9 .465 
Air-seeder 39.9 12 .3 16.4 18 .8 12.4 .438 
Mean 35.7 11 .5 15.7 19 .0 18.0 .516 
No-till 
4-row unit 27.1 10 .3 16.9 26 .7 19.0 .585 
Triple-disc drill 33.1 9 .7 16.8 22 .2 18.1 .540 
Air-seeder 32.6 12 .1 17.1 20 .6 17.5 .525 
Mean 30.9 10 .7 16.9 23 .1 18.2 .550 
LSD 0.05 9.9 1 .8 NS 5 .3 8.7 .140 
Mean 33.4 11 .1 16.3 21 .1 18.1 .532 
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Table 8. Percent of soybean (1981) and winter wheat (1982) residue 
cover before and after planting with different planting 
methods 
Before Planting After Planting 
Seedbed 
Preparation 1981 1982 Planter 1981 1982 
% % % % 
4-row unit 19 32 
Tilled 24 42 Triple-disc drill 15 32 
Air-seeder 15 20 
4-row unit 34 74 
No-till 52 88 Triple-disc drill 32 71 
Air-seeder 29 45 
LSD 0.05 12 13 9 12 
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Table 9. Average planting depths, emergence rate index (ERI) 
and final percent of wheat plants emerged with different 
planting methods (1981) 
Planting Uncompacted Compacted 
Planter depth ERI Emerg ERI Emerg 
mm % % 
4-row unit 55 5.3 81 2.5 38 
Tilled 3-D drill 29 4,8 65 6.0 81 
Air-seeder 72 6,0 88 5.8 84 
mean 52 4.8 78 4.8 68 
4-row unit 56 5.5 83 4.0 62 
No-till 3-D drill 14 5.4 74 4,2 56 
Air-seeder 62 5,4 84 6.0 88 
mean 44 5.4 79 4.8 68 
LSD 0.05 5 NS 17 2.2 31 
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Table 10. Final grain yields of winter wheat for different 
planting methods in 1982 and 1983 
Planter or Drill 
4-row unit Triple-disc drill Air-seeder 
-kg/ha-
-1982-
Tilled 1715* 1948 2018 
No-till 1705 1685 2381 
1983 
Tilled 
Rubber Press-wheel 2360^ 
Iron Press-wheel 2266 
Light Tire 2278 
Heavy Tire 2502 
Mean 2352^ 2974 2379 
No-till 
Rubber Press-wheel 1901 
Iron Press-wheel 1815 
Light Tire 2040 
Heavy Tire 2052 
Mean 1952 2939 2653 
^LSD 0.05 between yield means in 1982 was 354 kg/ha. 
'^LSD 0.05 between yields for press-wheel treatments in 
1983 was 357 kg/ha. 
^LSD 0.05 between yields for planter treatments in 1983 
was 476 kg/ha. 
79 
Table 11. Soil moisture and bulk density of soil (0-5 cm in the row) 
before and after planting winter wheat with different 
planting methods in 1982 
Tilled No-till 
Moisture Bulk Moisture Bulk 
Content Density Content Density 
%w/w Mg/m3 %w/w Mg/m^ 
Before Planting 
26.0 0.93 27.8 1.13 
After-Planting 
Planter 
4-row unit 
Rubber Pw 20.7 0.93 24.7 1.01 
Iron Pw 22.5 0.98 30.6 1.12 
Light Tire 24.2 0.86 23.6 1.06 
Heavy Tire 21.2 0.90 29.1 1.07 
Mean 22.2 0.92 27.0 1.06 
Press-wheel LSD 0, .05 4.0 .05 4.0 .05 
Triple-disc drill 24.3 0.96 28.9 1.11 
Air-seeder 18.6 0.84 20.4 0.88 
Planter LSD 0.05 3.2 .04 3.2 .04 
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Table 12. Aggregate size distribution and mean-weight-diameter (MWD) 
of soil before and after planting with different tillage 
planting methods (1982) 
Tillage or Percent of total weight in size range (mm) 
Planting 3.2- 6.4- 12.7- 25.4-
Method <3.2 6.4 12.7 25.4 50.8 >50.8 MWD 
% mm 
Before Planting 
Tilled 29.2 8.8 13.3 16.9 22.4 9.5 .785 
No-till 40.8 9.2 14.1 16.3 18.0 1.5 .525 
LSD 0.05 1.4 NS NS NS NS 6.8 .194 
After Planting 
Tilled 
4-row unit 23.3 8.9 14.4 21.2 30.3 2.0 .747 
Triple-disc drill 24.4 9.0 15.0 21.0 27.5 3.0 .734 
Air-seeder 22.5 8.3 12.8 16.3 28.2 11.8 .919 
Mean 23.4 8.7 14.1 19.5 28.7 5.6 .800 
No-till 
4-row unit 22.4 8.9 15.2 21.8 30.6 1.0 .736 
Triple-disc drill 20.2 7.4 12.4 19.7 34.3 6.0 .885 
Air-seeder 16.8 7.0 12.1 17.0 30.4 16.6 1.068 
Mean 19.8 7,8 13.2 19.5 31.8 7.9 .896 
0.05 NS NS NS NS NS 5.6 .126 
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Table 13. Average planting depths, emergence rate index (ERI) and 
final percent of wheat plants emerged with different 
planting methods (1982) 
Planter 
Planting 
Depth ERI 
Final 
Emergence 
Tilled 
4-row unit 
Rubber Pw 
Iron Pw 
Light Tire 
Heavy Tire 
Mean 
Triple-disc drill 
Air-seeder 
No-till 
4-row unit 
Rubber Pw 
Iron Pw 
Light Tire 
Heavy Tire 
Mean 
Triple-disc drill 
Air-seeder 
LSD 0.05® 
mm 
51 
52 
50 
48 
50 
45 
54 
51 
51 
49 
48 
50 
11 
53 
5.7 
5.4 
5.5 
5.9 
5.6 
4.8 
5.4 
6 . 0  
5.7 
5.6 
5.9 
5.8 
6.7 
5.1 
0 . 6  
% 
89 
88 
86 
96 
90 
72 
89 
95 
91 
87 
94 
92 
96 
82 
9 
Least significant difference (P=0.05) between planters 
on tilled and no-till seedbeds. 
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Table 14. Moisture content (MC) and bulk density (BD) of soil 
before and after planting with different tillage 
systems and press-wheel treatments 
No-till 
Shallow 
Till 
Deep 
Till 
Depth MC BD MC BD MC BD 
cm %w/w Mg/m3 %w/w Mg/m3 %w/w Mg/m3 
0-5 23.4 1.09 17.4 0,95 14.2 0.91 
5-10 27.5 1.29 30.9 1.09 30,2 1.13 
Planting-
0-5 
Rubber Pw 20.7 1.07 19.0 1.02 12,0 1.01 
Iron Pw 25.8 1.13 20.6 1.10 13,9 1.11 
Light Tire 23.6 1.06 16.1 1.08 11,4 1.11 
Heavy Tire 24.1 1.10 19.9 1.14 14.2 1.18 
Mean 23.6 1,09 18.9 1.08 12.9 1.10 
LSD 0.05 2.0 .03 2.0 .03 2.0 .03 
5-10 
Rubber Pw 25.4 1.34 25.7 1.24 25.5 1.23 
Iron Pw 26.8 1.26 25.2 1.23 26.7 1.23 
Light Tire 26.1 1.30 27,1 1.28 25.8 1.26 
Heavy Tire 25.6 1.36 26.1 1.25 26.1 1.26 
Mean 25.9 1.32 26,0 1.25 26.0 1.24 
LSD 0.05 MS .05 NS .05 NS .05 
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Table 15. Soil moisture content (dry weight basis) before and after 
planting corn with different tillage systems 
Shallow Deep 
Depth No-till Tilled Tilled 
cm % w/w 
Before Planting 
0-2 15.9 a^ 13.3 b 10.5 c 
2-4 23.9 a 22.1 b 23.5 ab 
4-7 27.3 b 29.3 ab 30.8 a 
7-10 28.5 c 33.6 a 32.7 a 
10-15 28.9 c 34.4 a 34.2 a 
1 day after Planting 
0-2 15.8 a 10.8 b 9.4 b 
2-4 24.7 a 21.1 b 21.6 b 
4-7 28.2 b 29.8 a 29.9 a 
7-10 29.0 b 32.1 a 32.2 a 
15 days after Planting 
0-1 8.0 a 7.2 ab 7.0 b 
1-2 18.1 b 18.1 b 19.7 a 
2-4 26.2 a 24.4 b 23.8 b 
4-6 27.4 a 28.6 a 27.7 a 
6-10 28.6 b 31.4 a 31.8 a 
10-14 29.1 b 32.6 a 33.2 a 
14-18 29.6 b 30.8 ab 31.3 a 
8 
Means within each depth followed by the same letter are 
not significantly different at the 5% level using Duncan's Multiple 
Range Test. 
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Table 16. Soil aggregate size distribution and mean-weight-diameter 
(MWD) before and after planting (1982) with different 
tillage systems and press-wheel treatments 
Tillage and/or Percent of total weight in size range (mm) 
Press-wheel 3.2- 6.4- 12.7- 25.4-
Treatment <3,2 6.4 12.7 25.4 50.8 >50.8 MWD 
g. mm "o 
Before Planting 
No-till 29.5 11.4 14.9 19.2 22.8 2.2 .636 
Shallow till 36.8 9.7 11.8 14.3 21.9 5.4 .656 
Deep till 31.5 8.8 11.6 15.0 26.9 6.2 .750 
LSD 0.05 NS NS 2.5 2.2 NS NS NS 
After Planting 
No-till 
Rubber Pw 33.8 12.2 17.2 19.8 15.7 1.3 .525 
Iron Pw 35.8 11.5 15.0 17.5 18.1 2.0 .555 
Light Tire 32.0 11.2 15.8 18.0 21.7 1.3 .593 
Heavy Tire 30.4 10.9 16.8 22.7 19.2 0 .561 
Mean 33.0 11.4 16.2 19.5 18.7 1.2 .559 
Shallow till 
Rubber Pw 51.7 11.3 13.6 14.5 8.9 0 .347 
Iron Pw 42.5 10.9 15.1 18.4 13.0 0 .437 
Light Tire 46.4 12.0 15.6 17.3 8.6 0 .369 
Heavy Tire 43.2 11.6 11.0 17.6 12.5 0 .425 
Mean 46.0 11.4 14.8 17.0 10.7 0 .394 
Deep till 
Rubber Pw 41.5 10.8 14.3 17.6 11.9 3.9 .507 
Iron Pw 44.5 11.1 14.9 17.4 12.0 0 .416 
Light Tire 43.9 9.9 13.8 17.3 15.0 0 .453 
Heavy Tire 42.1 11.1 15.1 15.9 12.8 2.9 .488 
Mean 43.0 10.8 14.5 17.1 12.9 1.7 .466 
LSD 0.05® 5.8 NS 1.1 NS 3.4 NS .081 
\east significant difference (P=0.05) between tillage system 
means. 
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Table 17. Percent emergence, emergence rate index (ERI) and dry 
matter weights of corn for different tillage methods 
and press-wheel treatments 
Tillage Days after planting Dry-Matter 
Press-wheel 4 8 ERI 3-leaf 5-leal 
Treatment 
g-
No-till 
Rubber Pw 73 94 22.1 1.40 14.3 
Iron Pw 66 90 21.1 1.49 15.6 
Light Tire 70 87 20.7 1.47 14.8 
Heavy Tire 78 90 21.8 1.61 15.4 
Mean 72 90 21.4 1.49 15.0 
Shallow till 
Rubber Pw 64 90 20.9 1.45 14.9 
Iron Pw 73 88 21.0 1.45 16.0 
Light Tire 67 87 20.4 1.43 14.0 
Heavy Tire 75 87 20.9 1.54 15.8 
Mean 70 88 20.8 1.47 15.2 
Deep till 
Rubber Pw 52 93 20.6 1.38 13.1 
Iron Pw 48 89 19.6 1.39 13.2 
Light Tire 56 82 18.9 1.27 11.6 
Heavy Tire 58 89 20.0 1.37 13.4 
Mean 53 88 19.8 1.35 12.8 
LSD 0.05® 13 NS 1.4 0.11 1.3 
^Least significant difference (P=0.05) between tillage 
treatment means. 
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Table 18. Volumetric water content at different pressures for 
undisturbed soil cores from various tillage and 
press-wheel treatments after planting 
Pressure head (cm) 
Treatment 14 50 75 100 150 400 
v/v-
No-till 
Iron Press-wheel 43.1* 39.2 38.2 37.4 36.4 34.5 
Light tire 38.9 34.4 33.6 32.6 31.6 30.0 
Heavy tire 39.7 36.8 35.8 35.1 34.0 32.6 
Undisturbed 39.0 35.5 34.7 33.8 32.7 30.9 
Tilled 
Iron Press-wheel 44.0 39.4 38.4 37.4 36.4 34.6 
Light tire 42.0 37.4 36.2 35.4 34.5 33.6 
Heavy tire 41.7 37.1 36.0 34.9 33.8 32.2 
Undisturbed 43.4 37.8 36.6 35.6 34.6 32.9 
^Differences between values for pressure head treatment 
were not significant (P=0.05). 
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Table 19. Isothermal soil water diffusivities for the tillage 
and press-wheel treatments 
Shallow Deep Press-wheel 
Press-wheel No-till Tilled Tilled Means 
cmZ/day 
Rubber Press-wheel 0.44 0.18 0.57 0.40 
Iron Press-wheel 0.43 0.59 0.47 0.50 
Light Tire 0.43 0.21 0.32 0.32 
Heavy Tire 0.46 0.55 0.47 0.49 
Tillage Mean 0.44 0.38 0.46 
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Figure 1. Variation of soil moisture content with depth during a 2-day 
period for the three cover treatments 
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Figure 2. Diurnal soil temperature fluctuation at 1- and 5-cm depths over a 3-day period 
for three cover treatments 
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Figure 3. Cumulative evaporation for press-wheel treatments with 
different tillage treatments 
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PART III: DENSITY, MOISTURE, AND RESIDUE COVER ON CORN GROWTH 
Introduction 
Germination, seedling emergence and growth may be limited by 
extremes in soil temperature, low soil moisture availability, low soil 
oxygen content, and high mechanical impedance. Several studies have 
attempted to quantify the upper and lower limits of these parameters 
that influence the seedling environment for different crops (Larson, 
1964; Bowen 1955). Soil compaction, directly or indirectly influences 
the thermal and hydraulic properties of a particular soil which in turn 
can affect plant growth (Trouse, 1971). Excessive soil compaction can 
prevent adequate aeration and increase mechanical impedance so as to 
adversely affect plant growth (Bowen and Coble, 1957). 
The effect of soil temperature on plant growth has been the subject 
of numerous studies (Willis and Amemiya, 1973). The effect of crop 
residue mulches in reducing soil temperatures and decreasing short-term 
evaporative losses has also been studied by several researchers (Willis 
et al., 1957; Van Wijk et al., 1959; Bond and Willis, 1970). Collis-
George and Hector (1955) and Collis-George and Williams (1958) showed 
that soil water matric potential influences the germination of seeds in 
several ways by affecting*, the free energy of soil water, the 
mechanical strength of the soil matrix, the area of seed-liquid contact, 
and the aeration and hydraulic conductivity of the soil. Dasberg (1968) 
demonstrated that irrespective of soil type, germination and emergence 
were dependent on the amount of water taken up by the seeds, which for 
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soils is determined largely by the matric potential. Hadas (1970) found 
that for good germination and emergence a relative water uptake around 
100% of the initial seed weight is necessary. Hadas also demonstrated 
that soil aggregates should be less than one-fifth the size of the seed 
to ensure good seed-soil water contact. However, in humid regions with 
good soil moisture conditions it may be as important to have larger 
aggregates so as to allow fast relief from excessive water and improved 
aeration without impairing water uptake. 
Laboratory studies have shown that with good soil moisture 
conditions only minimal soil packing was needed for optimum emergence 
(Stout et al., 1961). They found that surface compaction only improved 
emergence under dry conditions when there was adequate moisture below 
the seed. Mrrton and Buchele (1960) found that the energy required for 
emergence increased directly with compactive pressure, initial soil 
moisture content, and amount of soil drying, and indirectly with 
moisture content at time of measurement. When the soil was permitted to 
dry, a large reduction in the emergence energy was realized, for various 
planting depths, by applying the compacting pressure at seed level as 
compared to applying the pressure at the soil surface. At a relatively 
good and constant moisture content under a mulch, the mechanical 
strength of the soil did not change with time. 
There is very little information in the literature assessing the 
interaction of soil bulk density and residue cover in relation to soil 
moisture loss and early plant growth. The objective of this growth 
chamber study was to evaluate the effects of soil bulk density at 
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different soil moisture contents (with and without residue cover) on the 
water use efficiency and on the early growth of corn (Zea mays L.). 
Materials and Methods 
A 3 X 3 X 2 factorial design was used to determine the effect of 
three soil bulk densities (1.05, 1.25 and 1.50 Mg/m^) at three soil 
moisture contents (11, 19, and 28%) with and without residue cover, on 
water use efficiency and early growth of corn under limiting soil 
moisture conditions. Each of the 18 treatments were replicated three 
times. A second trial, with somewhat different soil bulk densities and 
moisture contents, was conducted soon after the first. Both trials were 
conducted in a controlled environment facility. 
Soil used in this study was obtained from the top 10 cm of a field 
at the Agronomy and Agricultural Engineering Research Center located 
near Ames, Iowa. The soil was characterized as a Clarion loam with 
sand, silt, and clay contents of 41, 35, and 24 percent, respectively. 
The approximate 'wilting point' and 'field capacity' of this was 12 and 
28% (w/w), respectively. The air-dry soil was processed using a rotary 
sieve and only the aggregates less than 6.4 mm diameter were used in 
this study. 
The soil pots (constructed from PVC tubing) had an inside diameter 
of 13 cm and a height of 20 cm. A pre-determined weight of dry soil was 
placed in the bottom 10 cm of each of 54 pots, and packed to a bulk 
density of 1.35 Mg/m^, in an effort to approximate the typical soil bulk 
density below tillage depth in the field. Markings were made on the 
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inside of each pot to indicate the level to which the soil was to be 
packed to achieve the appropriate bulk density. A known volume of water 
was then added to the soil in each pot to obtain an initial soil 
moisture content of 23% (dry weight basis). The pots were sealed, to 
prevent evaporation, and allowed to equilibrate for 72 hours. 
Meanwhile, known volumes of water were slowly added to three large 
quantities of bulk soil (100 kg samples) to achieve soil moisture 
contents of 11, 19, and 28% (dry weight basis) respectively. The 
moistened soil, sealed in plastic bags, was stirred by hand periodically 
during the 5-day period allowed for the samples to equilibrate. The 
soil moisture contents were verified by sub-sampling the bulk samples 
and determining the gravimetric soil moisture content. The resulting 
soil moisture contents were consistently within 1% of the desired soil 
moisture content. 
The quantities of moist soil required to achieve the desired bulk 
densities in the top 10 cm of each pot were calculated and this quantity 
was added to each pot in increments of approximately 2 cm each. For the 
lowest bulk density (1.05 Mg/m^) and lower two moisture contents (11 and 
19%), it was possible to achieve the desired bulk density by simply 
tamping the pot and soil on the laboratory table. To create the higher 
bulk densities, a 2.5 kg tamping device with a slightly smaller diameter 
than that of the pots, was dropped a prescribed number of times from a 
15 cm height on each soil increment. Again, each pot had markings to 
indicate the levels to which the soil had to be compacted. 
At the 5 cm depth, two kernels of corn (Pioneer 3529) were placed 
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on the soil surface and approximately 1 cm of soil was added before the 
compacting process continued. The top 5 mm of soil in each pot was not 
compacted. This was done to approximate conditions as they might exist 
in the field. 
To create the cover treatment, cornstalks, chopped into pieces of 1 
cm or less, were applied to the surface at a rate equivalent to 7000 
kg/ha. This resulted in a 10 mm thickness of residue cover. After the 
compaction and cover treatments were applied, each pot was weighed and 
then carefully sealed to prevent evaporation before transporting to the 
controlled environment facility. 
Iron-constantan thermocouples were installed at the 1-, 5-, and 
18-cm depths for the lowest and highest bulk density treatments at the 
lowest and highest soil moisture contents for both cover treatments. 
Soil temperatures were recorded hourly on a modified chart recorder and 
data logger system (Bedri et al., 1982). 
A growth chamber (Percival model#PGW-108) with inside dimensions of 
2.5 X 1.5 m was used to approximate the light and temperature conditions 
that would occur in early May. The fluorescent and incandescent 
lighting was rated at 12-1500 W/m^. Maximum and minimum temperatures 
were 24 and 3°C, respectively, with a 12-hr light and a 12-hr dark 
cycle. The mean 24-hr temperature was determined to be approximately 
15°C for each day during the study. The relative humidity was not 
controlled but was measured periodically and estimated to be between 30 
and 40 percent. 
Each pot was weighed, daily for several days and periodically 
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thereafter, to measure the differences in evaporation between treatments 
for a 30-day period. A pot filled with water, contained in the growth 
chamber, was weighed regularly to obtain a measure of the potential 
evaporation. 
To simulate a moisture deficient condition, water was not added to 
any of the pots. The time required for the corn seedlings to emerge was 
recorded. If both plants in each pot emerged then the shorter one was 
cut off at the soil surface. Plant height (with leaves extended) were 
also recorded periodically until the plants were harvested for dry-
matter determination 30 days after planting. 
The experiment was repeated with the same environmental conditions 
but with somewhat different soil conditions. In the second trial, bulk 
densities of 1.0, 1.2, and 1.4 Mg/m^ were created as described earlier. 
In this experiment, the soil moisture contents used for each bulk 
density were 14, 18, and 28% (dry-weight basis). All other measurements 
or observations were recorded as they were in the first trial. In the 
second trial, a pocket penetrometer (Soil Test Model CL-700) was used to 
measure the unconfined compressive strength of the soil for each 
treatment at the time the plants emerged. By pushing the flat 
penetrometer tip (or suitable adapter foot) 6 mm into the soil, a direct 
reading on a calibrated scale could be obtained. Three measurements 
were made per pot. 
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Results and Discussion 
Emergence 
In trial 1, insufficient soil moisture or inadequate aeration 
prevented emergence with six of the treatments (Table 1). At the low 
initial soil moisture content (11%) and low soil bulk density (1.05 
Mg/m3), the residue cover treatment conserved sufficient soil moisture 
to enable germination and emergence. The higher bulk densities at the 
low moisture content delayed or prevented emergence. Upward moisture 
movement from the supply below 10 cm was believed to be the source of 
moisture for germination and emergence with the intermediate bulk 
density treatment. Excessive soil strength and lack of moisture at the 
high bulk density prevented emergence. 
At the intermediate initial soil moisture content (19%), emergence 
was complete for all treatments, but was delayed with increased soil 
bulk density. Although residue cover tended to delay emergence 
slightly, the differences for a particular soil treatment were not 
significant. 
At the high initial moisture content (28%), there was no 
significant difference in the rate of emergence among the three 
treatments that had complete emergence. The lack of emergence with the 
other treatments was attributed to poor aeration and to excessive soil 
strength as the soil surface dried out. The residue cover with the 
intermediate bulk density treatments (1.25 Hg/m^) reduced the 
evaporative moisture loss and thereby prevented excessive soil strength 
from delaying emergence. 
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In trial 2, the soil treatments were less extreme than they were 
for trial 1, and emergence was complete with all treatments (Table 2). 
Increasing soil bulk density from 1.0 to 1.4 Mg/m^ at the soil moisture 
content (15%) had no significant effect on the time required for corn to 
emerge. However, at the intermediate and high initial soil moisture 
content, the higher bulk density reduced the rate of emergence, 
particularly for the treatments without residue cover. At the high 
initial soil moisture content (26%), on the 1.2 and 1.4 Mg/m^ bulk 
density treatments, emergence was faster with residue cover than 
without. Reduced surface evaporation and lower soil strength with the 
residue cover treatments compared to that for the treatments without 
cover was believed to be the reason for the more rapid emergence. 
The unconfined compressive strength of the soil at the time of 
emergence was affected by cover treatment at the high moisture content 
for the 1.2 Mg/m^ bulk density treatment and at all three moisture 
contents for 1.4 Mg/m^ bulk density treatment (Table 3). The residue 
cover treatments had a more moist soil surface with a lower soil 
strength than did the treatments without residue cover. Unconfined 
compressive strengths exceeding 20 N/cm^ would appear to have a 
significant effect on the rate of corn emergence. 
Soil Temperature 
The average daily soil temperature at seed depth (5 cm), for the 
treatments without cover, was approximately 1°C higher (15.8°C) than 
that for the treatments with cover (14.7°C). The low bulk density, low 
moisture content treatment, without residue cover, had the highest mean 
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daily temperature at seed depth (16.4°C); and the high bulk density, 
high moisture content treatment, with residue cover, had the lowest mean 
daily temperature at seed depth (14.3°C). The mean minimum and mean 
maximum temperature for the low bulk density, low moisture treatment 
without cover was 2.4 and 31.8°C, respectively, and 2.2 and 25.2°C, for 
the same treatment with cover. 
Evapotranspiration 
The cumulative évapotranspiration (ET) for the different treatments 
evaluated in trial 1 are illustrated in Figure 1. At the initial soil 
moisture content of 11% (w/w), there were no significant differences 
between treatments until 18 days after planting. The ET was nearly the 
same for the three treatments that did not have any plant emergence. 
Since the plants emerged sooner with lower bulk density treatment (1.05 
Mg/mS) with cover, the ET was also greater for this treatment compared 
to that for the higher bulk density treatment (1.25 Mg/m®) with cover. 
At the initial soil moisture content of 19% (w/w), the ET values 
were similar for all treatments for most of the trial period. However, 
after 22 days, the ET for the high bulk density treatment (1.55 Mg/m^) 
without cover was significantly less than the ET for the lower bulk 
density treatments without cover. 
At the highest initial soil moisture content (28% w/w), the ET, for 
most of the trial period, with the treatments without cover was 
significantly greater than that for the treatments with cover. For the 
first 3 days, the average ET for treatments without cover was 2.7 
mm/day, approaching the potential ET which was determined to be 3.2 
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mm/day. Despite the fact that three of the treatments did not have any 
plants utilizing moisture, there was very little differences in the 
final ET among treatments. The ET was greater as the bulk density 
increased for the treatments without cover, but bulk density had no 
significant effect on ET for the treatments with cover. 
The final ET values for the treatments in trial 1 are presented in 
Table 4. 
In trial 2, when the initial soil moisture contents were 15 and 21% 
(w/w), the differences for ET among treatments were not significant 
(Figure 2). However, when the initial soil moisture content was 25% 
(w/w), the ET was greater for the treatments without cover than it was 
for those with cover. As was the case in trial 1, the ET increased with 
increasing bulk density for the treatments without cover, but this was 
not observed for the treatments with cover until late in the trial 
period. 
The final ET values for the different soil treatments are presented 
in Table 5. 
Plant Heights 
The plant heights for the soil treatments in trial 1 are plotted in 
Figure 3. When the initial soil moisture content was 11% (w/w), the 
plants that emerged first with the low bulk density treatment (1.05 
Mg/m3) were consistently taller than the plants with the other 
treatments, but the final differences in plant height were not 
significant. Although emergence was delayed with residue cover for the 
intermediate bulk density (1.25 Mg/m^), the final plant height was not 
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significantly different than for the other treatments. 
For the initial soil moisture content of 19% (w/w), the plants from 
the high bulk density treatment (1.55 Mg/m^) were consistently shorter 
than those from the other treatments. Residue cover had no significant 
effect on plant heights for these treatments. 
For the high initial soil moisture content treatments (28% w/w) 
that had plants emerge, the plant heights were not significantly 
different at any time. The final plants heights for the various 
treatments in trial 1 are given in Table 6. 
In trial 2, when the initial soil moisture content was 15% (w/w), 
the plant heights were similar for all treatments until the end of trial 
period (Figure 4). The final plant heights, with the low bulk density 
treatments (1.0 Mg/m^) with residue cover, were significantly greater 
than those for this treatment without residue cover. 
When the initial soil moisture content was 21% (w/w), the plants 
from the low bulk density treatment (1.0 Mg/m^) with residue cover were 
tallest, and significantly taller than the plants from the higher bulk 
density treatments. 
At the high initial soil moisture content (26% w/w), the plants 
grown on the intermediate and high bulk density treatments (1.2 and 1.4 
Mg/m3) without residue cover were shorter than those from all other 
treatments. The average final plant heights for the different 
treatments in trial 2 are presented in Table 7. For the soil treatments 
compared in this trial, residue cover had a greater effect on final 
plant heights than did bulk density. 
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Dry Matter Production 
In trial 1, when the initial soil moisture content was 19% (w/w), 
the low bulk density treatment (1.05 Mg/m^) without residue cover 
resulted in the highest dry-matter production. This was significantly 
higher than the other treatments with greater bulk densities or higher 
initial soil moisture contents (Table 8). Plants did not emerge at the 
high bulk density (1.55 Mg/m^) when the initial soil moisture content 
was 11 or 28% (w/w). The dry-matter content of the plants that emerged 
at the high bulk density, when the initial soil moisture content was 19% 
(w/w), was significantly less than that from most other treatments. The 
presence of residue cover resulted in emergence and dry-matter 
production from two soil treatments that produced nothing without 
residue cover. 
In trial 2, the soil treatments were less extreme than those in 
trial 1 and emergence was complete for all treatments. Dry-matter 
production was greatest when the initial moisture content was 21% (w/w) 
for the low bulk density treatment (1.0 Mg/m^) and significantly greater 
than that from the higher bulk density treatments or that from all 
treatments at the higher initial soil moisture content (Table 9). 
Residue cover resulted in significantly higher dry-matter production 
with the two extreme soil moisture treatments. For the dry soil, the 
residue cover was believed to have conserved more soil moisture for 
plant use compared to the treatment without cover. For the wet soil, 
the residue cover resulted in a more moist soil surface, with a lower 
soil strength, permitting earlier and more rapid emergence of the corn 
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seedlings compared to the drier, stronger soil surface associated with 
the same treatment without residue cover. 
Water-Use-Efficiency (WUE) 
In trial 1, the dry-matter produced for a given amount of water 
used was generally greatest for treatments that had the lowest initial 
moisture content (11% w/w), provided the plants had emerged (Table 10). 
When the initial soil moisture content was 19% (w/w), the WUE was lowest 
for the high bulk density treatments (1.55 Mg/m^). At the high initial 
soil moisture content (28% w/w), the WUE was low for all densities and 
significantly lower than all other treatments except those with the high 
bulk density at the intermediate soil moisture content. There was 
little evidence that residue cover improved the WUE except for the two 
treatments that had plants emerge because of the residue cover. 
Again in trial 2, the WUE was generally greatest when the initial 
soil moisture content was 15% (Table 11). However, in this trial, the 
WUE was significantly greater with residue cover than without, for each 
of the bulk density treatments at the low initial soil moisture content 
(15% w/w). Similarly, the WUE was improved with residue cover for the 
1.2 and 1.4 Mg/m^ bulk densities at the high initial soil moisture 
content (26% w/w). When the initial soil moisture content was 19% 
(w/w), the WUE for the low bulk density treatments was significantly 
greater than that for the other bulk density treatments at this moisture 
content. 
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Summary and Conclusions 
An experiment was conducted in a growth chamber to determine the 
effect of soil bulk density at different initial soil moisture contents, 
with and without residue cover, on évapotranspiration and early growth 
of corn. 
When the initial soil moisture contents in the seed zone approached 
the theoretical 'wilting point' or 'field capacity' values, emergence 
and early growth of corn was poor, but was improved when the soil 
surface was covered with residue. At lov; soil moisture contents, the 
residue cover treatments conserved sufficient soil water for emergence 
and improved early growth compared to that for the same soil treatments 
without cover. At high soil moisture contents, the residue cover 
treatments prevented the soil surface from crusting and thereby improved 
emergence compared to the treatments that did not have cover. Although 
the residue cover treatments delayed emergence by 2 to 3 days, the final 
plant heights or dry-matter weights were equal to or greater than those 
from treatments without residue cover. 
Bulk densities exceeding 1.25 Mg/m^, at the intermediate and high 
initial soil moisture contents, resulted in poor plant growth, probably 
because of inadequate aeration or excessive soil strength. At 
relatively low soil moisture contents, bulk density had very little 
effect on plant emergence, évapotranspiration or on plant growth. Based 
on the results from this study, a soil bulk density between 1.0 and 1.05 
Mg/m3 and a soil moisture content between 19 and 21% (w/w) would provide 
a good environment for germination and early growth of corn. 
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Table 1. Average number of days until corn first emerged 
(Trial 1) with different soil bulk density treatments 
and different initial soil moisture contents, with (w) 
and without (w/o) residue cover 
Soil Bulk Density 
Mg/m3 
Initial 1.05 1.25 1.55 
Soil Moisture 
Content w/o w w/o w w/o w 
% w/w days 
11 8.0 ab^ 12.3 c 18.0 d --- ---
19 7.0 a 8.7 ab 8.3 ab 11.0 be 16.3 d 15.3 d 
28 10.3 be 11.0 be 12.3 c 
§ 
No plants emerged for these treatments. 
^Means followed by the same letter are not significantly 
different at the 5% level using Duncan's Multiple Range Test. 
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Table 2. Average number of days until corn first emerged 
(Trial 2) with different soil bulk density treatments 
and different initial soil moisture contents, with (w) 
and without (w/o) residue cover 
Soil Bulk Density 
Mg/mS 
Initial 1.00 1.20 1.40 
Soil Moisture 
Content w/o w w/o w w/o w 
% w/w days 
fi 
15 8.0 a 8.0 a 8.0 a 8.0 a 9.0 abc 9.0 abc 
21 7.7 a 7.7 a 8.3 ab 8.7 ab 11.7 de 10.7 cd 
26 10.0 bed 11.3 de 12.7 ef 10.7 cd 13.7 f 11.3 de 
^Means followed by the same letter are not significantly 
different at the 5% level using Duncan's Multiple Range Test. 
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Table 3. Unconfined compressive strength of soil surface at the 
time of emergence with different soil bulk density 
treatments and different initial soil moisture contents, 
with (w) and without (w/o) residue cover 
Soil Bulk Density 
Mg/m^ 
Initial 1.00 1.20 1.40 
Soil Moisture 
Content w/o w w/o w w/o w 
% w/w N/cmZ 
11 0.20^ 0.30 0.69 1.68 12.9 3.65 
21 0.49 0.49 2.46 2.07 26.0 14.7 
26 2.96 3.06 17.5 4.83 36.1 10.9 
^L.S.D. (P=0.05) between means was 5.52 N/cm^. 
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Table 4. Average évapotranspiration (Trial 1) for soil bulk density and 
initial soil moisture content treatments, with (w) and without 
(w/o) residue cover 
Soil Bulk Density 
Mg/m3 
Initial 
Soil Moisture 
1 .05 1.25 1.55 
Content w/o w w/o w w/o w 
% w/w 
11 (4.8)9 16.3 d^ 12.6 ef 9.9 f (5.6) (5.4) 
19 24.0 b 25.0 b 23.6 b 21.9 be 17.8 d 22.7 be 
28 32.4 a 30.3 a (26.2) 31.4 a (31.2) (26.6) 
§ 
Means in parentheses were not included in statistical 
analysis and represent only evaporation since no plants emerged with 
these treatments. 
^Means followed by the same letter are not significantly 
different at the 5% level using Duncan's Multiple Range Test. 
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Table 5. Average évapotranspiration (Trial 2) for soil bulk density and 
initial soil moisture content treatments, with (w) and without 
(w/o) residue cover 
Soil Bulk Density 
Mg/m^ 
Initial 1.00 1,20 1.40 
Soil Moisture 
Content w/o w w/o w w/o w 
% w/w mm 
15 16.0 h^ 19.2 e-h 18.1 gh 17.8 gh 21.3 c-g 19.3 e-h 
21 22.8 cde 20.7 d-g 22.1 c-f 19.5 e-h 20.4 d-g 19.2 e-h 
26 24.6 be 18.5 fgh 27.5 b 22.5 cde 31.1 a 23.8 cd 
6 
Means followed by the same letter are not significantly 
different at the 5% level using Duncan's Multiple Range Test. 
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Table 6. Average final plant heights (Trial 1) for corn planted in 
soil with different bulk densities and different initial 
soil moisture contents, with (w) and without (w/o) residue cover 
Soil Bulk Density 
Mg/mS 
Initial 1.05 1.25 1.55 
Soil Moisture 
Content w/o w w/o w w/o w 
% w/w mm 
& (t 
11 --- 329 ab 269 bed 292 a-d -— —-
19 366 a 369 a 324 abc 316 abc 219 d 240 cd 
28 302 a-d 340 ab --- 358 ab —- — 
^Plants did not emerge for these treatments. 
^Means followed by the same letter are not significantly 
different at the 5% level using Duncan's Multiple Range Test. 
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Table 7. Average final plant heights (Trial 2) for corn planted 
in soil with different bulk densities and different 
initial soil moisture contents, with (w) and without (w/o) 
residue cover 
Soil Bulk Density 
Mg/m^ 
Initial 1.00 1.20 1.40 
Soil Moisture 
Content w/o w w/o w w/o w 
% w/w mm 
15 324 c-f5 391 ab 324 c-f 375 abc 341 b-e 391 ab 
21 360 a-d 403 a 339 c-f 359 a-d 320 d-g 325 c-f 
26 300 efg 271 g 216 h 288 fg 176 h 297 efg 
^Means followed by the same letter are not significantly 
different at the 5% level using Duncan's Multiple Range Test. 
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Table 8. Average final dry-matter weights (Trial 1) for corn 
planted in soil with different bulk density and initial soil 
moisture content treatments, with (w) and without (w/o) residue 
cover 
Soil Bulk Density 
Mg/m^ 
Initial 1.05 1.25 1.55 
Soil Moisture 
Content w/o w w/o w w/o w 
w/w mg 
R c 
11 775 abc 525 cde 420 de — — 
19 1017 a 827 ab 787 abc 633 bed 323 e 313 e 
28 627 bed 660 bed 667 bed --- ---
§ 
Plants did not emerge for these treatments. 
^Means followed by the same letter are not significantly 
different at the 5% level using Duncan's Multiple Range Test. 
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Table 9. Average final dry-matter weights (Trial 2) for corn 
planted in soil with different bulk densities and different 
initial soil moisture contents, with (w) and without (w/o) 
residue cover 
Soil Bulk Density 
Mg/mS 
Initial 1.00 1.20 1.40 
Soil Moisture 
Content w/o w w/o w w/o w 
% w/w 
15 603 c-gS 887 ab 707 b-e 807 abc 767 a-d 817 abc 
21 933 a 817 abc 653 c-f 643 c-f 500 e-h 567 d-g 
26 453 fgh 293 hij 207 ij 330 hij 157 j 407 ghi 
§ 
Means followed by the same letter are not significantly 
different at the 5% level using Duncan's Multiple Range Test. 
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Table 10. Water use efficiency (dry-matter/water use) for soil bulk 
density and initial soil moisture content treatments, with (w) 
and without (w/o) residue cover (Trial 1) 
Soil Bulk Density 
Mg/mS 
Initial 1.05 1.25 1.55 
Soil Moisture 
Content w/o w w/o w w/o w 
% w/w mg dry-matter/g water 
11 ^ 3.65 a^ 3.14 ab 3.20 ab 
19 3.27 ab 2.55 be 2.54 be 2.23 cd 1.27 e 1.06 e 
28 1.49 e 1.67 de 1.53 de 
§ 
No plants emerged for these treatments. 
^Heans followed by the same letter are not significantly 
different at the 5% level of probability using Duncan's Multiple 
Range Test. 
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Table 11. Water use efficiency (dry-matter/water use) for soil bulk 
density and initial soil moisture content treatments, with (w) 
and without (w/o) residue cover (Trial 2) 
Soil Bulk Density 
Mg/m3 
Initial 1.00 1.20 1.40 
Soil Moisture 
Content w/o w w/o w w/o w 
% w/w mg dry matter/g water 
15 2.88 bcd^ 3.55 a 2.99 bed 3.49 a 2.75 cd 3.25 ab 
21 3.13 abc 3.01 be 2.26 ef 2.53 de 1.89 f 2.26 ef 
26 1.42 g 1.20 g 0.57 h 1.13 g 0.39 h 1.31 g 
§ 
Means followed by the same letter are not significantly 
different at the 5% level of probability using Duncan's Multiple 
Range Test. 
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Figure 1. Cumulative ET for soil bulk densities of 1.05, 1.25, and 
1.55 g/cm , with and without residue cover, at initial soil 
moisture contents of 11, 19, and 28% (w/w) 
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SUMMARY 
No-till planting systems reduce soil erosion and often reduce 
economic and energy inputs compared to conventional planting systems. 
But factors such as cooler soil temperatures, poorer aeration, excessive 
soil strength, and poorer seed placement, compared to those with 
conventional planting systems, have often been blamed for depressed crop 
growth and poorer yields with no-till. Tillage affects many of the soil 
properties that can influence plant growth. The measurement of these 
soil properties and a good understanding of related transport processes 
of heat and water are essential if we are to develop better tillage and 
planting systems. 
Research was conducted to gain a better understanding of the 
effects of no-till planting systems on soil physical conditions in 
relation to early plant growth. The effects of residue cover on the 
soil temperature and soil moisture regime were evaluated in relation to 
the emergence and early growth of corn. Planters were compared with 
respect to their effect on residue cover, soil bulk density, soil 
moisture, soil aggregate size distribution, and plant growth. An 
experiment was conducted in a controlled environment facility to 
determine the interaction between residue cover and soil compaction in 
relation to emergence and water-use-efficiency of corn under limiting 
soil moisture conditions. 
Increasing the residue-free area above the seed resulted in higher 
soil temperatures and improved early growth of corn. Shallower planting 
helped reduce the adverse effects of residue cover, and planting depth 
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generally had a greater effect on plant growth than did the degree of 
residue cover. No-till planters that leave a narrow width (>16 cm) of 
residue-free soil above the seed may often create a more desirable 
environment for early seedling growth if soil moisture is adequate. 
More research of this nature is necessary to determine the effects of 
residue cover when soil moisture may be limiting. This research 
provides a good basis for future studies attempting to model the 
temperature regime near the soil surface. 
Grain drills and planters often had significant effects on the soil 
bulk density, soil moisture, soil aggregate size distribution, and 
residue cover, however these effects were usually not of the magnitude 
to significantly affect early plant growth of winter wheat. Increasing 
the load on two different styles of planter press-wheels generally 
resulted in higher soil bulk densities in the seed zone, but with 
adequate soil moisture, plant growth was unaffected. After planting 
with a unit planter, the bulk density in the seed-zone (1.10 to 1.15 
Mg/m3) was the same for tilled or no-till seedbeds. Planter and press-
wheel systems may have a greater effect on early plant growth under 
drier conditions or on less well structured soils. 
In a growth chamber study, residue cover was shown to be most 
important for improved emergence and early growth of corn when soil 
moisture was near the 'wilting point' or when it approached 'field 
capacity'. Bulk densities, of this loam soil, exceeding 1.25 Mg/m^ 
adversely affected plant growth, and this effect was most pronounced at 
high soil moisture contents. The results from this study demonstrated 
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that soil moisture or bulk density conditions must be relatively extreme 
in order to have a major effect on plant growth. The soil conditions 
measured in the field with the different planter and press-wheel systems 
did not approach these extremes. 
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